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Chapter 1 

 

INTRODUCTION 

  

The peach (Prunus persica L. Batsch) being from ‘Rosaceae’ family is a 

very popular summer fruit crop of temperate and sub tropical regions of the world. 

Peach fruit is round or elongated in shape with having well-centered stone. Yellow 

and red skin color make peaches the most attractive fruit. The flesh color varies 

from yellow to white and very juicy and having both sweet and acidic taste. 

The peach tree is originated in China and domesticated there about as far 

back as 3,000 BC (Li, 1984). Peach tree reached from China to Persia (Iran) and 

Turkey through trade routes and from there it was spread to the mild temperate and 

sub tropical regions of the world. It is believed that the peach tree was first brought 

to Europe from Iran which has been mentioned by early Latin scholars that peaches 

came to Italy in the 1st BC century and from where they spread it to rest of the 

workd (Fergoson et al., 1987). While in American continent, peach tree was 

brought by Spaniards in the beginning of 16th century (Bassi and Monet, 2008). 

The world production of peach fruit is about 18.42 million tons that makes it 

the third largest species of fruit tree in terms of production (FAO, 2008). The most 

of the commercial production of peaches comes from the zone which lies between 

latitudes 30°N and 45°S (Scorza and Okie, 1990). In Pakistan, production wise 

peach is the second most important stone fruit after apricot and cultivated on an area 

of 15,657 ha. producing 94,490 tons (Anonymous2, 2008-09). The Punjab province 

1 
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contributes 5,000 tons, Khyber Pakhtoonkhwa 57,800 tons and Balochistan 25,400 

tons with an area of 1,000; 6,200 and 9,500 ha. respectively (Anonymous3, 2008-

09). Peaches are produced in Attock, Muree, Khushab, Peshawer, Swat, Mingora, 

Hazara, North Waziristan, Chitral, Quetta, Pishin, Loralai, Qilla Saifullah, Qilla 

Abdullah, Mastung, Kalat and Northern areas of Pakistan.  

Peach fruit has been demonstrated to contain vitamin A, vitamin B1, vitamin 

B2, and niacin. Peaches also contain the minerals calcium, phosphorus, iron, and 

potassium. It contains higher quantity of ascorbic acid (vitamin C). In recent years, 

as increased public concern about health, the fruit nutritional value is an important 

parameter which ascribes fruit quality precisely. Peaches are well known for higher 

content of carotenoids (provitamin A), and phenolic compounds which are sources 

wise peachy in antioxidants (Tomas-Barberan et al., 2001; Byrne, 2002). It is 

believed that antioxidants are important health considerations in maintaining healthy 

bodies. Increased contents of antioxidants in nutrition have also been reported to be 

assistive in scaling down cardiac risks (Verlangieri et al., 1985), human’s body 

blood pressure (Ascherio et al., 1992) and lethal occurance of cancer (Willet, 1994). 

At the same time fruits having increased levels of antioxidants resultantly show 

increased storability with decreased concentration of phenols (browning). Peach fruit 

kernel is used to regulate blood circulation and beneficial use during chronic 

constipation (Hou and Jin, 2005). 

Amongst the early peach cultivars cv. ‘Flordaking’ thrives well in low 

chilling and warm areas. The fruit is medium to large and elongated, with semi-cling 

stone, ripen in early season; fruit flesh is firm and yellow in color. Peach industry is 



3 
 

experiencing shift in production trend from mid- and late-maturing peach cultivars to 

early maturing ones. The ‘Flordaking’ peach one of the popular early cultivar is 

grown mainly for shipment and distant markets (Hubbard and Purcell, 1986; 

Hubbard et al., 1986). The physical and chemical features of the ‘Flordaking’ peach 

are alike to that of the late-maturing cultivars (Robertson and Meredith, 1988).  

Peaches become available in early summer to the market and fill market with 

its fresh and pleasing arrival and that is why it becomes profitably (commercial) a 

significant stone fruit crop of Pakistan. But less attention has been paid to the 

production of peach fruit crop, chiefly because of its perishability and short 

postharvest life during storage. It has been estimated that there are about 17-40% 

losses in horticultural crops (Rind, 2003). These losses start right from the harvest 

and result in great losses in terms of not only quantity but quality as well. Main 

reasons in post-harvest deterioration of fruits quality and vegetables are preharvest 

cultural measurements like improper selection of rootstocks and scions, un improved 

production practices, injudicious use of fertiliser, pests and diseases management, 

lack of skill for harvesting of crop at proper stage, and postharvest storage problems 

suchlike non removal of field heat, negligence regarding management of hygienic 

problems, improper promotional materials (packaging) and grading of fruits, poor 

transport conditions, storage and marketing approaches (Kader, 2002). For the 

enhancement of their postharvest life along with quality, it is necessary to empathize 

the different facets of fruit production such as effects of rootstocks on scion cultivar 

and fruit physiology related to ripening and senescence during storage. 

The root system of fruit plants are as lively as the leaves and have a vital role 
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in plant growth, development and fruiting (Kolesnikov, 1971). Successful plantation 

of an orchard demands selection of suitable rootstock and scion cultivar. The peach 

seedlings are still main rootstock source for peach throughout the world (Rom, 

1983). To date no research work has been reported on rootstocks effect on pre- and 

postharvest quality of peach fruit in Pakistan. The problems being faced by peach 

industry is variation in quality and performance during storage within same cultivar. 

The possible factors can be differences in rootstocks, environmental conditions, lack 

of knowledge about handling and proper storage of peach fruit. The blooming time, 

ripening time and fruit quality are subjected to alter in result of modifications caused 

by rootstocks on plant development (Caruso et al., 1996) mineral composition 

(Knowles et al., 1984; Boyhan et al., 1995; Facteau et al., 1996; Moreno et al., 

1996; Rosati et al., 1997), organic acids, content of antioxidants and sugar contents 

(Giorgi et al., 2005; Kubota et al., 2001; Scalzo et al., 2005). Rootstock 

incompatibility with scion affects plant capability of water and nutrient uptake 

(Lopez-Bucio et al., 2003) which results in mal formed fruits. Keeping in view these 

problems, two indigenous rootstocks (Peshawar Local and Swat Local) and a hybrid 

of peach and almond (GF-677) rootstock have been evaluated for their suitability 

and compatibility with scion cultivar ‘Flordaking’. In Pakistan mostly peach 

cultivars are grafted on Peshawar Local (PL) and Swat Local (SL) (Rahman et al., 

2000). Peshawar Local rootstock has good anchorage and well adapted to the soil 

and environmental conditions of Pakistan (Ullah et al., 2000). Swat Local rootstock 

have been evaluated for vigor, yield and compatibility to different scions and found 

with better results (Ahad et al., 1987). Another promising rootstock GF-677 is also 

in use but not on large scale. It has ability to withstand iron chlorosis, thrives well in 
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fertility wise poor soils and CaCO3 content of soils (Monticelli et al., 2000; Socias et 

al., 1995). GF-677 was found best among all peach tested rootstocks (Tsipouridis 

and Thomidis, 2005) and its importance has been well documented on the basis of its 

performance in Mediterranean basin (Stylianids et al., 1988). 

After putting great efforts to get high yield and good quality fruit yet there 

are other challenges during the postharvest. The peaches being climacteric pass 

through a burst of respiration and ethylene coincided with ripening which leads to 

faster rate of deterioration. To avert losses incurred due to increased respiration and 

ethylene rates, postharvest techniques are employed like, properly sanitized 

equipments, appropriate temperature, humidness (relevant humidity) and gases 

exchange (C2H4 and respiration) during storage. These measures can enhance the 

postharvest life of fruit crops (Armitage and Laushman, 2003; Young, 2002; 

Schoellhorn et al., 2003). Abrasion, injury (bruising) or mechanical wounding to 

fruits and vegetables increase postharvest losses and deteriorate the quality 

(Cappellini and Ceponis, 1984). Ripened peaches are subjected to physical damage 

that would lead to loss in quality and short postharvest life. Oxidation process 

results in production of free radicals (O2ˉ, OHˉ, H2O2) that result in electrolyte 

leakages and result in tissue destruction (Larson, 1988). The damaging ability of 

free radicals is counteracted by the higher activity of antioxidants (free radicals 

scavenging activity) in fruits during storage enhance the shelf life (Abbasi et al., 

1998; Abbasi and Kushad, 2006).  

Within fruit, for continuation of living processes stored food reserves are 

used which in result dry matter content is reduced with passage of time.  The quality 
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loss of fruits and vegetables starts right from the time of harvest. Main reasons in 

postharvest deterioration are: undermining the pre-harvest standard measures, 

injudicious application of nutrients and irrigation, improper monitoring of diseases 

infestations, insects, harvest at improper stage of maturity and postharvest 

mishandling of fruit including non removal of field heat, dumping the crop which 

results in moisture condensation, placing fruits in haphazard way in packaging 

materials, rough handling during transportation, storage and time taking marketing  

(Kader, 2002b). In order to enhance fruits and vegetables postharvest life, 

necessarily understanding should be developed to regulate their physiological 

features relevant to ripening and senescence.  

No significant research work has been documented in Pakistan on the 

postharvest life characteristics and physio-chemical changes during storage and 

transportation of peaches. In fruits spoilage occurs primarily in result of dehydration, 

increase in respiration rate, microorganisms attack and advancement of 

physiological disorders. To denigrate these problems extensive research work has 

been conducted to prolong the shelf life of vegetables and fruits by using different 

types of chemicals and coatings in order to control physiological disorders and 

quality loss. Recent years has been experienced with considerable pressure from 

consumer’s side to reduce or eliminate chemically synthesized additives in foods. 

Thus, efforts are made to find natural alternatives to the presently used additives to 

check bacterial and fungal growth in minimally processed fruits (Robert et al., 

2003). 

In this study,  effectiveness  of  chemicals refined from natural products like 
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oxalic acid and salicylic acid were evaluated to enhance the storage life of peach 

fruit cv. ‘Flordaking’. Peach fruit was evaluated for changes in free radicals 

scavenging activity, superoxide dismutase (SOD), catalase (CAT), peroxidase 

(POD), polyphenol oxidase (PPO), phenolics along with other physiological changes 

like skin color, weight loss, soluble solids content, titratable acidity, fruit juice pH, 

sugars content organoleptic evaluation etc during cold storage under different 

treatments. This study will be helpful for researchers, growers and exporters having 

keen interest in enhancing shelf life of peaches for the purpose of transient storage 

and distant marketing. The present study was aimed to achieve following objectives: 

1. To compare the effect of local peach rootstocks and GF 677 on peach cv. 

‘Flordaking’ yield, fruit quality, nutritional attributes and shelf life of fruit.  

2. To evaluate the effect of local peach rootstocks and GF 677 on on peach fruit 

quality cv. ‘Flordaking’. 

3. To optimize the effective dose of oxalic acid and salicylic acid for extending 

the shelf of peach fruit. 
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Chapter 2 

 

EFFECT OF ROOTSTOCKS ON PRE- AND POSTHARVEST 
QUALITY OF PEACH FRUIT CV. ‘FLORDAKING’ 

 

2.1 ABSTRACT 

Peach is the second most important stone fruit crop in Pakistan. Mostly, high 

yields are dependent upon the selection of proper rootstock alongwith some 

promising scion varieties. The peach fruit being highly perishable requires great care 

during harvest and postharvest handling. Rootstock is of prime importance for yield 

and quality parameters in peach fruit. Current study was conducted to evaluate the 

effect of three different rootstocks (GF-677, Peshawar local and Swat local) on 

peach fruit cv. ‘Flordaking’. These rootstocks were evaluated regarding trunk cross 

sectional area (TCSA), date of flowering, fruit growth curve, fruit maturity, number 

of fruit per tree, yield, yield efficiency and fruit size. Soil nutrient status nitrogen 

(N), phosphorus (P), potassium (K), iron (Fe), zinc (Zn), manganese (Mn) and 

copper (Cu), and nutrients uptake efficiency of rootstocks was evaluated by tissue 

nutrient analysis for N, P, K, Fe, Zn, Mn and Cu. Subsequently fruits harvested from 

all three rootstocks were stored at 0 °C for five weeks to evaluate their postharvest 

performance. Data on percent weight loss, skin color L*, a*, b*, C* and h°, fruit 

flesh firmness, soluble solids content, (SSC) titratable acidity (TA), SSC:TA ratio, 

fruit juice pH, sugars (total, reducing and non-reducing sugars), ascorbic acid 

(vitamin C) and free radicals scavenging activity as affected by different rootstocks 

was recorded on weekly intervals (0, 1, 2, 3, 4 and 5). GF-677 rootstock induced 
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largest TCSA, higher number of fruit per tree while, for yield per tree, GF-677 and 

PL rootstocks remained at par and higher than that of SL rootstock. The yield 

efficiency and fruit size was induced significantly higher by SL rootstock. Regarding 

nutrients uptake efficiency GF-677 rootstock showed significantly higher leaf 

content of N, P, Fe, Zn and Mn than PL and SL rootstocks whereas PL rootstock 

induced significantly higher content of K and Cu than rest of the rootstocks. During 

five week storage decreased weight losses, higher flesh firmness, lower SSC, highest 

TA was found in fruits of trees grafted on GF-677 rootstock whereas pH of fruit 

juice was recorded with no difference between GF-677 and PL rootstocks but 

significantly lower than that of SL rootstock. Highest SSC:TA ratio was showed by 

fruits on SL rootstock. With respect to skin color, GF-677 rootstock showed 

significantly higher L* (lightness), lowest changes in b* (ground color) and C* 

while, no significant differences for hue angle among the treatments. GF-677 and PL 

rootstocks remained at par for least changes in a* in fruit skin while the same was 

found highest in fruits grafted on SL rootstock. Generally, sugars increased during 

storage period however, this rate of increase in total and reducing sugars was 

significantly lower in GF-677 rootstock. Free radicals scavenging activity and 

ascorbic acid content were significantly higher in fruits of trees grafted on GF-677 

rootstock compared to PL and SL rootstocks. 

2.2 INTRODUCTION 

 Area under production is increasing and old cultivars are being replaced by 

promising and high yield early varieties in suitable areas. Peach is highly perishable 

and requires special care during pre- and postharvest handling. To have intact 

quality fruit, selection of proper rootstock and suitable storage conditions are the 
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basic requirements. The combination of a rootstock and scion results in synergetic 

expression of different genes controlled by both rootstock and scion. Rootstock as 

mainstay for cultivar tree is not only responsible for scion vigor but increase 

nutrient uptake, yield efficiency, fruit quality and postharvest life. Quality 

parameters like sugars content, firmness, total antioxidants and taste are of greater 

importance for the consumer acceptance of fruit. These quality parameters cannot 

be improved after harvest therefore, proper rootstock selection along with other 

pre-harvest measures can help to obtain premium quality peach fruit because 

rootstock and scion interaction manipulates water relations, gaseous exchange, 

minerals uptake, plant size, blossoming, fruit set time, fruit quality and yield 

efficiency (Schmitt et al., 1989; Nielsen and Kappel, 1996; Goncalves et al., 2003). 

After obtaining substantial yield, proper postharvest storage of peach fruit is 

necessary to increase the storage life for extended/distant market availability.  

 No significant research work has been documented on the effect of 

rootstocks on postharvest quality of peach fruit during storage. Hence, this study 

was designed to assess the suitability of three different rootstocks widely available 

in Pakistan in terms of production and postharvest storage capability of peach fruit 

cv. ‘Flordaking’ grown in the Potohar area.    

2.3 REVIEW OF LITERATURE 

Findings of previous research regarding different rootstocks performance 

attributed to fruit growth, yield, storability and antioxidants associated with fruit 

quality are being reviewed here.  

The peach fruit being climacteric is highly perishable after harvest. It will 
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deteriorate rapidly and subject to losses in quality if proper pre-harvest practices 

and postharvest storage is not carried out. As pre-harvest measurement rootstock 

selection is one of the major factors to obtain potential yield and superior quality 

peach fruit. Many researchers have reported that there are correlations among 

various physiological parameters of budded (grafted) trees and their fruit quality 

(Naor et al., 1995; Naor, 1998; Shackel et al., 1997). A combination of appropriate 

rootstock and scion is very important for the temperate (deciduous) orchard 

species, since rootstock-scion interaction regulates water relations, leaf gaseous 

exchange, minerals uptake efficiency, plant vigor, flowering time, fruit setting, 

yield and quality of fruit (Schmitt et al., 1989; Nielsen and Kappel, 1996; Goncalve 

et al., 2003; Knowles et al., 1984; Boyhan et al., 1995; Facteau et al., 1996; 

Moreno et al., 1996; Rosati et al., 1997). Furthermore, it has been well documented 

that fruit maturity and quality has significantly been affected by rootstocks 

(Ezzahouani and Williams, 1995). Rootstocks had significant effect on fruit skin 

color (chromatic parameters) of apple and cherry (Autio and Southwick, 1993 and 

Goncalves et. al., 2006).   

Peach rootstocks effect on scion cultivar has been very well documented in 

previous research reports. It has been confirmed that rootstocks influence on the 

quality of fruit (Caruso et al., 1996) and it influences the nutritional attributes of 

the peach fruit (Giorgi et al., 2005). GF 677 being a hybrid of Prunus amygdalus x 

Prunus persica is extensively used as a peach rootstock, as it is tolerant to iron 

deficiency and especially suits for soils with poor productiveness (fertility), low 

water availability and content of high calcium carbonate (CaCO3) (Monticelli et al., 

2000), and have proven adaptability characteristic to withstand in very poor and dry 
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soils (Gratacos and Bauman, 1999; Guardia and Alcantara, 2002). GF-677 is a 

potential rootstock under Pakistani soil conditions resulting to extend the economic 

life of peach orchards beyond 15 years. It is considered as rootstock soils with 

calcareous nature and high pH value due to its resistance against calcium induced 

iron chlorosis and replant disease syndrome. It is resistant to peach rust, crown gall, 

root knot, and is more vigorous in growth than peach seedling rootstocks. Fruit 

yield, average fruit weight and fruit quality is higher in trees on GF-677 (Ahmad et 

al., 2003). Rootstock GF-677 showed best performance regarding antioxidant 

activities and total phenolic contents in peach fruit (Giorgi et al., 2005). Due to less 

research work on Peshawar Local and Swat Local rootstocks little information is 

available. Peshawar local rootstock is widely used for different peach scion 

cultivars in Khyber Pakhtoonkhwa and Balochistan due to its good anchorage and 

adaptability to environmental conditions of mentioned provinces (Ullah et al., 

2000), and has large stem girth that suits for budding purpose (Khan et al., 1996). 

Swat Local has also been found promising for peach cultivars grafting in respect of 

promoting high vigor, yield and compatibility with high budding success (Ahad et 

al., 1987). Tsipouridis and Thomidis (2005) reported that GF-677 was the best 

rootstock among all the tested rootstocks. 

2.3.1 Postharvest Storage of Peach Fruit 

Peaches ripen and deteriorate quickly resulting in quality losses at ambient 

temperature. To avert these losses cold storage is recommended. Harvesting at 

proper maturity stage and thereafter cold storage at cultivar specific temperature 

and relative humidity helps to alter the postharvest status of peach fruit for 

prolonged shelf life. Singleton (2003) found that harvesting time, storage 



13 
 

temperatures and atmospheric condition were all main factors to regulate fruit 

physiology during postharvest life. Peaches classified as climacteric fruit respires at 

higher rate during ripening and simultaneously produces ethylene in abundance 

which evident in change of skin color, increased softening and flavor development 

during ripening (Murray and Valentini, 1998). As to increase the storage life of 

peaches it is necessary to arrest certain destructive processes. Cold storage is one of 

the key factors that slower down the metabolic process in fruits resulting in 

extended postharvest life. The techniques of postharvest storage might be involved 

in biochemical alteration of fruit tissues, as increase  or  decrease  in  respiration  

rate  affects  the  process  of  senescence  (Akhtar, 2010). 

Storage life of fruits and vegetables can be prolonged by lowering the 

metabolism involved in respiratory process using low temperature storage or 

storing them in an CO2 enriched atmosphere (Kader, 1997; Soliva and Martin, 

2006), atmospheric conditions with low O2 concentration have also been reported 

to decrease aerobic bacteria proliferation (Al-Ati and Hotchkins, 2002; Soliva and 

Martin, 2006).    

2.3.2 Antioxidants 

Substances that counteract on or reduce oxidative damage caused by free 

radicals are called antioxidants. Free radicals are chemically very reactive, they 

attack molecules and capture electrons, which ultimately cause alterations in 

chemical structures. Different researchers defined “antioxidants” in different ways. 

As per statement of Britton (1995), the effect of an antioxidant which eliminates 
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free radicals or disintegrates the chain reaction of free radicals results in safe 

products.  

Further simplifying, any compound from antioxidants that curbs oxidation, 

based on scavenging of free radicals (Haila, 1999). As stated by Krinsky (1992) that 

biological antioxidants are those compounds which are involved against the harmful 

effects of oxidation thus defending biological systems. Non enzymatic antioxidants 

like vitamins E and C (ascorbic acid) also serve the purpose of antioxidant and act 

synergistically due to their recycling capability. Antioxidants also repair the already 

done damage within the injured cells (Akhtar, 2010). Antioxidants potential is 

dependent on following factors like explicit chemical reactivity toward the radical, 

the site of generation, radicals reactivity, site and concentration of the antioxidant, 

the magnitude of constancy, end product of antioxidant derived radical and its 

interaction capability with other antioxidants (Tsuchihashi et al., 1995).    

The major resistance mechanism in plant stresses is thought to be cells 

protection from destructive effects of oxidation during stress, and the same 

resistance is considered to rely on the capability of the antioxidants system (Knorzer 

et al., 1996). The physiological processe of oxidation which often results in 

devastating damage to produce is counteracted by capable antioxidant substances. 

They are nutrients (vitamins and minerals) as well as enzymes and are believed to 

play a role in preventing the development of many chronic diseases (Ascherio et al., 

1992). Fruit antioxidants are believed to safeguard tissue from any stress and 

diseases. Specific antifungal molecules also induce resistance against postharvest 

diseases, e.g. phenolic compounds which may act both as antifungal chemicals to 
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extend postharvest life and as antioxidants to enhance quality preservation (Hebert et 

al., 2002). 

SOD, CAT and POD are potential antioxidant enzymes which convert the 

O2ˉ, OHˉ and H2O2 to water thus reducing the injuries caused by oxygen stress. Role 

of antioxidants in human health lead interest of researchers in horticulture and food 

science fields to manipulate the antioxidants presence in vegetables and fruits and to 

ascertain how their activities and content can be maintained and improved through 

cultural practices, crop breedings, and postharvest storage and processing. Certain 

antioxidant enzymes are produced within the body and from these naturally occuring 

antioxidants superoxide dismutase, catalase, and glutathione are the most commonly 

recognized. Superoxide dismutase has the capability to change the structure of 

oxidants by converting them into hydrogen peroxide then the same is further broken 

down into water and minute oxygen molecules or gases by catalase (Kaynara et al., 

2005). Glutathione acts as a detoxifying agent and binds with different toxins to 

modify their forms in result they leave the body as waste (Anonymous, 20094). 

Dark green leafy vegetables are good source of other antioxidant agents. 

Products abundant in vitamin A, vitamin C, vitamin E, and beta-carotene are most 

beneficial for human diet. Usually fruits and vegetables are rich in these nutrients 

and especially those having strongest colors are considered best for health for 

example oranges, red pepper, tomatoes, spinach, and carrot (Anonymous, 20071). 

Peaches are well documented for higher content of ascorbic acid, carotenoids 

(provitamin A), and phenolic compounds which are believed to serve as antioxidants 

(Tomas-Barberan et al., 2001; Byrne, 2002). 
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2.3.3 Free Radicals 

 Unstable electrons are usually one of atoms group with single or more 

unpaired electros named as ‘free radical or free radicals’ (Halliwell and Gutteridge, 

1989; Abbasi et al., 1998). Free radicals are anionic, cationic or neutral. Outer 

orbital of ground-state O2 (3O2) has two unpaired electrons and much of its 

reactivity causes from its bi-radical properties. Dioxygen which is an oxidant but it 

is comparatively not responsive (reactive). In a gradual manner single electron 

addition to molecular oxygen results in a range of more reactive intermediates 

termed as oxygen free radicals (OFRs) also letting in superoxide anion free radicals 

(O2ˉ), the hydroxyl radicals (OHˉ), lipid (L) and X other peroxy radicals (LOO• and 

XOO•), including Cu and Fe, ozone and nitric acid which are transitional metals 

(Punchard and Kelly, 1996). The oxidating agents like O2, expeditiously absorb 

electrons from the oxidated molecules (Halliwell and Gutteridge, 1995). Reactive 

oxygen species (ROS) that are referred to a number of free radicals and 

intermediates of non-radicals oxidize the molecular O2. Reactive oxygen species 

comprises of several radicals such as O2ˉ (superoxide), OHˉ (hydroxyl) and 

derivatives of O2 that may have not unpaired electrons including H2O2 (hydrogen 

peroxide), LOOH (lipid peroxide), HOCI (hypochlorous acid), and singlet oxygen 

(Akhtar, 2010). 

 Oxygen is very necessarily important for an aerobic organism’s sustenance, 

but still its in-vivo activation may result noxious (toxic) forms such as superoxide, 

hydroxyl and hydrogen peroxide (Fridovich, 1978). Indiscriminately donation or  

removing of electrons by free radicals from the surrounding molecules may cause 

damage to living organisms (Abbasi et al., 1998).  
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2.3.4 Antioxidants with Respect to Fruits and Vegetables 

 Oxidation is a must process for the cells in the body and this process cause 

some damaging effects as well. These effects are counteracted by antioxidants. 

Vitamins, minerals, and enzymes are different forms of antioxidants. These are 

main factors in defense against many chronic diseases (Ascherio et al., 1992). ROS 

and free radicals are responsible for oxidation which causes deterioration of food 

that leads to decay, colour changes and decrease in nutritional value, flavor, texture 

(Antolovich et al., 2001).   

 Generally, ROS, substrates such as proteins, metal-related biomolecules as 

catalysts and the inhibitors antioxidants all are the part of antioxidative mechanism 

(Hayashi et al., 2007). Main job of antioxidants is scavenging free radicals and 

bringing down the number of free radicals resulting in providing resistance against 

cellular damages and diseases. In same manner fruit antioxidants are believed to 

provide resistivity to tissues against diseases and stress conditions. Anti fungal 

molecules may provide resistance against postharvest diseases suchlike phenolic 

compounds that play two roles, first as antifungal agents which increases 

postharvest life and second as antioxidants which enhances food stuff quality 

during their preservations (Srilaong and Tatsumi, 2003).   

 As awareness is increasing about beneficial effects of antioxidants on 

human being health, further focus on horticultural crops and food sciences research 

to probe about in vegetables and fruits for their antioxidants content and to further 

determine how to make them intact and maintain their activities during postharvest 

storage and processing.  
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 Vegetables in general and dark green vegetables in particular are best 

source of antioxidants. Several vitamins which include vitamins (A, C, and E) are 

dietary antioxidants while several non-nutritative compounds (polyphenolics, 

flavonoids, carotenoids, and thiol containing compounds) are antioxidants too and 

termed as non enzymatic antioxidants. Vitamin A, C, E, and betacarotene rich 

foods are better nutritive foods (Holetzky, 2008). Other compounds such as 

phenolic compounds, lycopenes, carotenoids, tocopherol and ascorbic acid are also 

antioxidants and present in fruits and vegetables (Toit et al., 2001; Pyo et al., 

2004). As per reports of Toit et. al. (2001) and Kim (2005) flavonoids having 

multiple active phenolic groups has two to five times stronger scavenging 

capability than ascorbic acid (vitamin C) and tocopherol.   

 It is very necessary to evaluate antioxidants and the correlation between 

their quantity and fruit quality. Stone fruits such as peaches contain several 

phytochemicals and pigments (phenolic compounds, ascorbic acid, vitamin E, and 

carotenoids) and are considered to be useful for human health (Byrne et al., 2004). 

This has been revealed that antioxidant activity, production and quality traits have 

strong relevancy with genetics and are affected by training systems, agronomic 

aspects and postharvest management (Vaio et al., 2008). Peach antioxidant content 

is affected by several factors as described by Dalla Valle et al. (2007) that at 

harvest ripening stage, storage techniques and time taken between harvest and 

consumption. This has been well documented that rootstock and cultivar type, 

ripening time and postharvest storage and preservation have significant influence 

on the antioxidant activity of peach fruit (Di Vaio et al., 2001; Forlani et al., 2003; 

Scalzo et al., 2005; Giorgi et al., 2005).  
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2.4 MATERIALS AND METHODS 

Three rootstocks GF-677, Peshawar Local (PL) or Sawat Local (SL) were 

evaluated in present study at Research Farm of Horticulture Research Institute, 

NARC, Islamabad (lat.33 37’S; long.73 06’E). Total 27 peach (Prunus persica L. 

Batsch cv. ‘Flordaking’) trees, five years of age were selected for the experiment. 

These trees were grafted on different rootstocks (GF 677, Peshawar Local or Swat 

Local) planted in East West direction in square layout system having plant to plant 

(6m x 6m) and row to row (7m x 7m) distance. All the selected trees were of 

uniform size, pests and diseases free and received similar cultural practices. 

2.4.1 Pre-harvest Data 

2.4.1.1 Trunk Cross Sectional Area 

 The trunk girths of all three rootstocks were measured at 25 cm above the 

union of graft and in this manner TCSA (trunk cross sectional area) was computed 

in cm2. The data was recorded in the dormant season. 

2.4.1.2 Flower Data 

Flower data was recorded by frequent visits of peach orchard during 

expected days of flower bud burst. Three different stages of flowering in three 

different rootstocks were recorded. First flower bud burst was noted then second 

date for 50 % flower open was noted while third date for 80% flower open in peach 

cv. ‘Folrdaking’ budded on three different rootstocks. 

 



20 
 

2.4.1.3 Soil Analysis  

Soil sampling was carried out from five points in the field in W shape. 

2.4.1.3.1 Mineral nitrogen 

Mineral nitrogen was determined in the soil of peach orchard field by using 

Keeney and Nelson (1982) method. The same was determined in soil by extraction 

with 2 m KCL and steam distillation in the presence of MgO and finely ground 

Devard’s alloy. 

2.4.1.3.2 P, K, Fe, Cu, Mn and Zn 

Soil analysis for P (phosphorus), K (potassium), Fe (iron), Cu (copper), Mn 

(manganese), and Zn (zinc) in peach orchard field were conducted as described by 

Soltanpour and Workman (1979). Soil was extracted with AB-DTPA solution (pH 

7.6). The same extracted solution was used for the analysis of exchangeable K with 

flamephotometry while available P was determined using spectrophotometry. Fe, 

Cu, Mn and Zn were analysed with the help of atomic absorption 

spectrophotometry. Soil sampling was done for two consecutive years (2008 and 

2009) of experiments. 

2.4.1.4 Leaf or Tissue Analysis 

Total nitrogen in peach tree leaf or tissue was analysed according to the 

method as mentioned by Buresh et. al. (1982). Total nitrogen was determined by 

digestion of leaf material in sulfuric acid mixture. 
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2.4.1.4.1 P, K, Fe, Cu, Mn and Zn 

Peach tree leaf or tissue analysis for P, K, Fe, Cu, Mn and Zn were done 

according to the method described by Rashid (1986). Fifty leaves were randomly 

selected from each replicated tree of each rootstock and this selection was carried 

out in mid July. Leaf selection was done around the tree canopy at an elevation 

(height) of about 1.5 meter. In this regard only mature healthy leaves fully 

expanded and without any cut were plucked from center to top of the shoots in 

early hours of the day. Then leaves were placed in marked plastics of each 

treatment and immediately shifted to our laboratory. Analysis of minerals in leaf 

tissue was recorded using atomic absorption spectrophotometry for iron, copper, 

manganese and zinc.    

2.4.1.5 Fruit Growth 

Peach fruit growth data were recorded with some modifications following 

the method of Bregoli et. al. (2002). Fifty fruits from each rootstock were selected 

and tagged on the tree. Then the diameter of fruit was recorded at weekly intervals. 

Fruit growth data recording was started for drawing growth curve after 24 days of 

full bloom (dAFB) till harvest.  

2.4.2 Postharvest Data   

  For postharvest evaluation laboratory and cold storage facility, Department of 

Horticulture, PMAS, Arid Agriculture University Rawalpindi, was utilized. Peach 

fruits were picked at commercial mature stage, decided on firmness, total soluble 

solids and days from full bloom basis. From each treatment 243 fruits free from 
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any disease, disorder, pollutants and of almost uniform in size and color were 

selected for the experiment. Thereafter harvested fruits were immediately taken to 

the postharvest laboratory. Then the fruits were washed with distilled water and 

spread out on the paper to dry water from fruit surface at room temperature (21 ±2 

°C). After drying fruits were divided into two main groups. Group one was 

consisted of 216 fruits while group two was consisted of 27 fruits. Fruit of the each 

treatment were divided in same manner. Thus, in total fruits for all treatments (GF-

677, PL or SL) were 729. After recording week 0 data of different parameters fruits 

of group one of each treatment were separately packed in corrugated carton boxes 

in three replicates (each replicate consisted of 12 fruits) touching each other. All 

the carton boxes were marked treatment wise. Then these fruits were stored in cold 

store at 0 ±0.3 ºC with 90 ±4% relative humidity for five weeks. Twelve fruits were 

randomly sampled from each replication of every treatment at each sampling week 

(0 to 5th week) during entire storage period. These peach fruits were used to 

evaluate parameters like fruit skin color, weight losses, fruit firmness, SSC, pH, 

titratable acidity, SSC:TA ratio, sugars (reducing, total and non reducing), and 

vitamin C (ascorbic acid) content of fruit. Analysis were done by separating sample 

portions then immediately used for analysis and data were noted to evaluate the 

effects of different rootstocks on the quality of peach fruit cv. ‘Flordaking’ during 

five week storage period. Apart from this a composite sample (5g) of randomly 

selected five fruits was wrapped in aluminum foil then dipped in liquid nitrogen 

and stored in Ultra Low freezer at -50 ºC for further analysis of radical scavenging 

activity. 

 Fruits of group two of each treatment were placed in separate carton boxes 
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and kept them in the same cold store after marking the boxes treatment wise. Fruits 

of this group were used for the determination of weight loss and skin color. Each 

replicate having nine fruits were numbered (1-9) and kept intact throughout the 

experiment with other groups in the same cold store. 

2.4.2.1 Yield 

Cumulative yield of each scion-stock combination or per tree was computed 

for yield data. 

2.4.2.2 Yield Efficiency. 

The yield efficiency of plants was computed as the ratio of yield and cross 

sectional area of trunk of corresponding year. 

2.4.2.3 Number of Fruits/Tree 

The effect of rootstocks on number of fruits/tree was recorded by counting 

the harvested fruits of each replicated tree of each treatment.  

2.4.2.4 Fruit Size 

Individual peach fruit size (maximum and minimum length diameter and 

width in mm) of ‘Flordaking’ grafted on three different rootstocks was measured 

using an instrument especially made for fruit siz measurement (vernier caliper type, 

Italy). 

2.4.2.5 Fruit Weight Loss 

Fresh weight of peach fruit was recorded soon after harvest. Separately kept 



24 
 

fruits of all three rootstocks were used for evaluation of percent weight loss till end 

of the trial. Fruit weight loss (%) was recorded at each sampling week and 

computed by following formula: 

                                  Weight loss (%) = [(A−B)/A] x 100 

2.4.2.6 Fruit Skin Color 

 In order to asses how the rootstocks and cold storage period effect changes 

in peach fruit skin/peel color. In this regard data was recorded with the help of 

chromameter (CR- 400 Konica Minolta Sensing, Inc., Japan). Separately kept fruits 

of three rootstocks were used for the measurement of skin color. Fruit skin color 

parameters including L* (higher positive values indicate more lightness while 

negative readings indicate darkness), a* (greenish is indicated by negative readings 

while redness is indicated by positive values) and b* (negative readings are 

indicative of blueness and higher positive readings are indicative of yellowness) 

were measured during storage period at weekly intervals from two opposite sides of 

each fruit. C* (chroma) (saturation or intensity of color) and h° (hue angle) were 

computed as mentioned by Mcguire (1992).   

2.4.2.7 Fruit Firmness 

 Peach fruit flesh firmness was recorded using a penetrometer (Wagner Fruit 

Firmness Tester model FT-327). After removing the epidermis at two equatorial 

sites an 8mm plunger tip was used to measure the fruit firmness. Data was recorded 

on day 0 and subsequently at weekly intervals till the end of experiment. Readings 

were expressed in newton (N). 



25 
 

2.4.2.8  Soluble Solids Content 

 The soluble solids content of peach fruit from three different rootstocks was 

ascertained with the help of a digital refractometer (Atago-Palette PR 101; Atago 

Co., Itabashi-Ku, Tokyo, Japan). Wedge shape pieces and homogeneous in size 

from five peach fruit were selected randomly from all treatments per replication. A 

composite sample was made by homogenizing with high speed juicer machine. 

SSC data was calculated from the homogenized juice. 

2.4.2.9 Titratable Acidity 

 Juice was extracted by filtration of 10 g peach fruit pulp blended with 40 

mL distilled water from each treatment. Titration method was used to ascertain the 

titratable acidity in peach fruit. The obtained peach fruit juice was titrated against 

0.1 NaOH (sodium hydroxide). The titration of juice was done till pH of the juice 

stabilized at 8.2 then reading was noted. The data was recorded from all the three 

replications of each treatment. The results were expressed as percent mallic acid the 

help of following formula: 

 Percent TA= (mL NaOH used) (Normality of NaOH) (Equi. weight of mallic acid) 
                                     (Weight of sample) (Volume of aliquot taken)   
 
 
2.4.2.10 Soluble Solids Content and Titratable Acidity Ratio (SSC:TA) 

 The calculations for Soluble Solids Content and Titratable Acidity Ratio 

(SSC:TA) were done by dividing soluble solids content by the corresponding 

titratable acidity value. 
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2.4.2.11 pH of Fruit 

 Hydrogen-ion concentration of peach fruits was determined with the help of 

a pH meter from the homogenized juice as prepared earlier.     

2.4.2.12 Sugars 

Fruits used for firmness and SSC were used for juice extraction for the 

analysis of sugars. 

2.4.2.12.1 Reducing sugars 

Peach fruit juice was used for the determination of reducing sugars 

according to the method described by Horwitz (1960). Sample juice taken in 250 

mL volumetric flask was 10 mL then 100 mL H2O (distilled) was added followed 

by adding lead acetate solution (25 mL) and potassium oxalate (10 mL). Then 

volume was made up with distilled water and filtered. Thereafter prepared sample 

aliquot was poured in the burette. After taking Fehling solution of 100 mL and it 

then was boiled in a conical flask. Then the sample aliquot was allowed to run drop 

wise from burette to conical flask which was containing the boiling Fehling 

solution. During the titration of Fehling solution boiling was continued. When brick 

red color appeared then in conical flask 2-3 drops of methylene blue were added 

and kept titrating till brick red color appearance was observed again. Used sample 

aliquot readings were recorded from burette.  Percentage of reducing sugars was 

computed with the help of following formula: 

   Reducing sugars (%) = 6.25 (X / Y) 

  Where: X = mL of standard sugar solution used against 10 mL Fehling solution. 
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   Y = mL of sample aliquot used against 10 mL Fehling solution. 

2.4.2.12.2 Total sugars 

Peach fruit juice was used for the determination of total sugars according to 

Horwitz (1960). An aliquot of 25 mL was poured in a flask of 100 mL from the 

previously prepared aliquot for reducing sugars. Then 20 mL H2O (distilled) and 5 

mL concentrated hydrochloric acid was poured in the flask for conversion of non-

reducing sugars into reducing sugars. The solution was kept for 24 hrs. (at room 

temperature) for complete hydrolysis. Next day the same was neutralized by adding 

1N NaOH solution and phenolphthalein was used as an indicator. Then volume was 

made up with 100 mL H2O (distilled). For total sugars estimation rest of the 

procedure was followed as per procedure of reducing sugars. Total sugars was 

computed by using following formula: 

  Total sugars (%) = 25 x (X/Y) 

Where: X = mL of standard sugar solution used against 10 mL Fehling solution. 

  Y = mL of sample aliquot used against 10 mL Fehling solution.   

2.4.2.12.3 Non-reducing sugars 

Calculation of non-reducing sugars was done by the following formula: 

Non-reducing sugars (%) = Total sugars (%) – [Reducing sugars (%) x 0.95]  

 

 



28 
 

2.4.2.13 Ascorbic Acid Content 

Peach fruit ascorbic acid content was evaluated according to Hans (1992). 

Peach pulp of 5grams randomly collected from ten fruits were blended with (5 mL) 

1.0% Hydrochloric acid (w/v) then centrifuged at 10,000 x g for 10 minutes. Taken 

supernatant was ascorbic acid extract. Then the absorbance (at 243 nm) of the same 

was recorded by using a spectrophotometer. Prior to recording of readings 

spectrophotometer was caliberated by preparing standard solutions of ascorbic acid 

in same manner. The content of vitamin C (ascorbic acid) was computed as mg/100 

g edible portion. 

2.4.2.14 Radical Scavenging Activity of DPPH 

The radical scavenging activity was assayed by following the method of 

Brand-Williams (1995). For the purpose free radical 2, 2-diphenyl-2-picrylhydrazyl 

hydrate (DPPH) prepared in a methanol (MeOH) solution was used. Five grams of 

ground frozen tissues of peach fruit were blened and extracted in 10 mL methanol 

for two hrs. Then the same extract was used for assay of radical scavenging activity 

against stable DPPH prepared in methanol. Already prepared extract (100 µL), 3.9 

mL of 6 x 10- 5 mol/L of DPPH solution was kept for incubation for 30 mins. Then 

absorbance (A) (at 515 nm) was noted at 0 and 30 mins. DPPH is reduced when it 

reacts with an antioxidant compound that changes deep violet color to light yellow. 

Radical scavenging activity was computed as percent inhibition of DPPH with the 

help of following formula: 

   Inhibition (%) = [(AB – AA)/AB] x 100 
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Where: AB = absorption of blank sample (t = 0 minute) 

  AA = absorbance of tested extract solution (t = 30 minute) 

2.5 STATISTICAL ANALYSIS 

Randomized complete block design (RCBD) was used as statistical design 

with two factor factorial arrangement having three replicates. Data were 

statistically analyzed by using analysis of variances (ANOVA) techniques for the 

validity of analysis and the means were separated using Duncan’s multiple range 

test (Chase and Bown, 1997). Statistical analysis was done with the help of 

MSTAT-C software (Michigan State University, 1991). For least significant 

difference, a probability (p) of less than 0.05 levels was considered. The 

experiment was repeated following year. 

2.6 RESULTS AND DISCUSSION 

2.6.1 Effect of Rootstocks on Date of Flowering 

Peach cv. ‘Flordaking’ flower is pinkish-white and hermaphrodite. Its 

receptacle and the sepals are green and stamens are of both white and pink color. 

Peach flower is showy with five large petals. The peach flower calyx reddish-green 

in color drops after initial development of fruitlet.  

In this study, peach trees of cv. ‘Flordaking’ grafted on different rootstocks 

were observed for flower set and their dates were noted. No differences were 

recorded for pink balloon stage of flower buds (PBSFB) appearing date among the 

treatments during the year 2008 (Table 1.1). For the year 2009, PBSFB appeared in 

trees on SL rootstock one day earlier than GF-677 and PL rootstocks (Table 1.2).  
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Table 1.1: Effect of different rootstocks on flowering dates in trees of peach cv.                   

       ‘Flordaking’ during the year 2008. 

 

 

Table 1.2: Effect of different rootstocks on flowering dates in trees of peach cv.                   

       ‘Flordaking’ during the year 2009. 

FLOWERING DATES 

Treatments Pink Balloon Stage 
of Flower Buds 

1st Flower 
Bud Burst 

50% Flower 
Bloom 

80% Flower 
Bloom 

GF-677 23-02-2008 26-02-2008 29-02-2008 03-3-2008 

P L 23-02-2008 26-02-2008 29-02-2008 03-3-2008 

S L 23-02-2008 26-02-2008 29-02-2008 04-3-2008 

FLOWERING DATES 

Treatments Pink Balloon Stage 
of Flower Buds 

1st Flower 
Bud Burst 

50% Flower 
Bloom 

80% Flower 
Bloom 

GF-677 21-2-2009 24-02-2009 27-02-2009 1-3-2009 

P L 21-2-2009 24-02-2009 27-02-2009 1-3-2009 

S L 20-2-2009 24-02-2009 28-02-2009 3-3-2009 



31 
 

First flower bud burst happened on same day in all rootstocks for both years 

(Tables 1.1 and 1.2). Rootstocks showed no differences for 50% flower bloom date 

in trees of peach cv. ‘Flordaking’ for the year 2008 (Table 1.1). For the year 2009, 

50% flower bloom happened on same date in GF-677 and PL rootstocks while SL 

rootstock one day later (Table 1.2). Table 1.1 shows 80% flower bloom on same 

day in trees on GF-677 and PL rootstocks whereas, SL rootstock differed with 

earlier rootstocks and induced 80% flower bloom on day later during the year 2008. 

During the year 2009, SL rootstock induced 80% flowering two days earlier than 

GF-677 and SL rootstocks (Table 1.2). 

2.6.2 Effect of Rootstocks on Leaf Nitrogen Content   

Macronutrient nitrogen (N) content (2.70%) of leaf was significantly high in 

peach cv. ‘Flordaking’ trees grafted on GF-677 rootstock followed by SL rootstock 

for the year 2008 (Table 3). Minimum leaf content of N (2.10%) was found in trees 

grafted on PL rootstock. 

Although, there were no significant variations among rootstocks on leaf 

content of N but still trees on GF-677 rootstock showed highest leaf content of N 

(2.88%) compared with PL rootstock (2.53%) for the year 2009 (Table 3).  

 Nitrogen is an indispensable mineral for plant development plant growth 

and it is integral part of many compounds in plant cells. Optimum N levels and 

efficient uptake ensures balanced scion vigor and ultimately good quality fruit. In 

this study, regarding N uptake efficiency of rootstocks, GF-677 rootstock showed 

significantly  higher  leaf  content  of  N  as  compared with other rootstocks for the 
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Table 2.1: Mineral elements status of soil at experimental site (NARC) for the year 

       2008. 

 

 

Table 2.2: Mineral elements status of soil at experimental site (NARC) for the year 

       2009. 

 

 

Soil Depths 
(cm) 

N% 
(Mineral) 

P 
mg kg-1 

K 
mg kg-1 

Fe 
mg kg-1 

Zn 
mg kg-1 

Cu 
mg kg-1 

Mn 
mg kg-1 

0-15 0.006 8.6 110 2.40 1.21 1.18 1.49 

15-30 0.004 8.0 85 2.32 1.27 1.34 1.41 

30-60 0.004 6.0 70 2.36 1.13 0.90 1.69 

60-90 0.003 5.2 70 2.46 1.39 1.10 1.89 

Soil Depths 
(cm) 

N% 
(Mineral) 

        P 
 mg kg-1 

K 
 mg kg-1 

Fe  
mg kg-1 

Zn 
 mg kg-1 

Cu  
mg kg-1 

Mn  
mg kg-1 

0-15 0.007 8.9 113 2.52 1.19 1.23 1.52 

15-30 0.005 8.5 87 2.36 1.29 1.3 1.46 

30-60 0.005 6.7 72 2.36 1.11 0.97 1.67 

60-90 0.004 5.6 71 2.48 1.42 1.16 1.93 
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Table 3: Effect of rootstocks on leaf mineral element contents (N, P, K, Fe, Zn,  

    Cu and Mn), TCSA, yield/tree, yield efficiency, Number of fruit and  

    fruit size of peach cv. ‘Flordaking’ during the years 2008 and 2009.  

 

Parameters Year GF-677 
Peshawar 

Local 
Swat 
Local 

CV% LSD 

% Nitrogen  2008 2.70a 2.10b 2.40ab 6.59 0.3584 
2009 2.88a 2.53a 2.72a 7.66 0.4711 

% Phosphorus  2008 0.36a 0.32a 0.33a 5.29 0.0410 
2009 0.38a 0.35b 0.35b 2.60 0.0217 

% Potassium  2008 1.80b 2.37a 0.72c 1.17 0.0434 
2009 2.05b 2.59a 1.05c 3.97 0.1710 

Fe mg kg¯¹  2008 228.84a 226.86ab 225.53b 0.49 2.5294 
2009 232.76a 230.85b 229.79b 0.21 1.1222 

Zn mg kg¯¹  2008 26.33a 21.33b 16.66c 5.60 2.7245 
2009 29.33a 24.33ab 19.66b 9.55 5.2896 

Cu mg kg¯¹  2008 13.60b 22.38a 13.31b 8.45 3.1466 
2009 16.56b 25.82a 16.19b 8.11 3.5914 

Mn mg kg¯¹  2008 94.00a 85.00b 52.00c 2.05 3.5844 
2009 98.68a 90.33b 63.00c 3.50 6.6739 

TCSA cm2 
 2008 1371.1a 988.1b 547.7c 16.59 364.46 
2009 2312.8a 1646.5b 962.5c 15.22 565.98 

Yield/tree (kg) 
 2008 50.41a 42.64a 30.45b 10.90 10.172 
2009 53.30a 44.24a 30.90b 10.52 10.206 

Yield efficiency 
 2008 0.03b 0.04b 0.06a 13.29 0.0143 
2009 0.02b 0.02ab 0.03a 13.35 0.0100 

Number of 
fruit/tree 

 2008 331.67a 279.67b 189.67c 7.95 48.107 
2009 355.33a 285.67b 207.67c 10.58 67.830 

Fruit size in mm 
(diameter) 

 2008 63.36b 67.70b 73.98a 3.80 5.8924 
2009 58.03c 63.38b 72.75a 2.74 4.0206 
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 year 2008. Rootstocks PL and SL remained non significant for the same year. The 

results showed non significant differences among the treatments for leaf content of 

N however, GF-677 rootstock was found to be most efficient in N absorption 

during the year 2009. This may be due to variable response attributed by different 

rootstocks to seasonal changes for nutrients uptake. This behavior has also been 

reported by other researchers (Ozolcum and Uner, 1991; Tsipouridis et al., 2005).   

2.6.3 Effect of Rootstocks on Leaf Phosphorus Content   

 Phosphorus (P) content of leaf of trees grafted on GF-677 rootstock had 

highest P content (0.36%) followed by SL rootstock (0.33%) during the year 2008 

whereas PL rootstock induced least phosphorus content of leaf during the same 

study year (Table 3). 

 Similarly, for the year 2009, trees grafted on GF-677 rootstock showed 

significantly highest P content (0.38%) of leaf followed by PL and SL (0.35 or 

0.35%) rootstocks (Table 3) whereas, PL and SL rootstocks remained statistically 

at par (p < 0.05). 

Phosphorus is a vital element which is involved in use, transfer and 

accumulation of energy in plant cells and is an important part of DNA structure. 

Although, no significant differences were found among different rootstocks 

however, trees on GF-677 rootstock had highest leaf phosphorus content followed 

by PL rootstock during the year 2008. SL rootstock showed least uptake of P 

among all the rootstocks tested. For the year 2009, GF-677 rootstock proved to be 

very efficient for P uptake while, PL and SL remained statistically at par. The 
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findings of the study are agreed with the results of Toit et al. (1995) who 

documented that GF-677 rootstock had best capability to uptake the minerals very 

efficiently. Seasonal changes in peach trees leaf content of micro and micronutrient 

and changes during vegetative growth have also been documented (Ozolcum and 

Uner, 1991; Tsipouridis et al., 2005). Some other researchers have also reported 

that rootstocks significantly altered the leaf content of phosphorus in cherry trees 

(Jimenez et al., 2007).  

2.6.4 Effect of Rootstocks on Leaf Potassium Content  

Treatments means in Table 3 indicate significant differences in potassium 

(K) content of leaf among the different rootstocks for the year 2008. Significantly 

maximum leaf content of K (2.36%) was recorded in trees grafted on PL rootstock 

followed by GF-677 rootstock while, lowest leaf content of K (0.72%) was 

observed in trees grafted on SL rootstock. For second year of experiment, leaf 

content of K (2.59%) was found highest in peach cv. ‘Flordaking’ trees grafted on 

PL rootstock followed by GF-677 rootstock (Table 3), while minimum leaf content 

of K (1.05%) was found in trees grafted on SL rootstock. 

Potassium is another macro nutrient which is essential for substantial fruit 

growth. It has free mobility in plant and due to this characteristic it plays significant 

role in many functions like activation of several enzymes. K has been documented 

that it increases fruit size as much as 8% (George et al., 1988). The results of this 

study indicate that rootstocks significantly affected the uptake of potassium in trees 

of peach cv. ‘Flordaking’. Highest leaf content of K was recorded in trees grafted 

on  PL rootstock followed  by  GF-677 rootstock  when compared  with  that  of SL 
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rootstock nutrient  uptake  efficiency. Increased  fruit  size in PL rootstock than 

GF-677 rootstock may be due to excessive absorption of potassium.    

2.6.5 Effect of Rootstocks on Leaf Fe Content   

Results for leaf content of micronutrient iron (Fe) reveal significant 

differences among the rootstocks for the year 2008 (Table 3). Maximum leaf 

content of Fe (228.84 ppm) was recorded in peach cv. ‘Flordaking’ trees grafted on 

GF-677 rootstock followed by peach trees of PL rootstock. Trees grafted on SL had 

lowest leaf content of Fe (225.53 ppm) as compared with GF-677 rootstock. During 

the year 2009, the analysis of Fe contents showed significant variations among the 

treatments (Table 3). However, highest leaf content of Fe (232.76 ppm) was found 

in peach trees grafted on GF-677 rootstock while lowest leaf content of Fe (229.79 

ppm) was recorded in trees grafted on SL rootstock followed by PL rootstock 

(230.85 ppm). 

Iron has mobility in plant cells with ease and it transfers energy during 

respiration and photosynthesis. In common soils Fe deficiency is considered rare 

however, in calcareous soils due to high pH its mobility restricts in plants and 

causes iron chlorosis (Basar, 2002; Tagliavini and Marangoni, 2002; Toselli et al., 

1997). To overcome Fe chlorosis vigorous rootstocks have been tested and found 

efficient in Fe absorption (Tsipouridis et al., 2005; Febi and Fiorini, 1981). Our 

results reveal GF-677 rootstock as the most efficient for Fe uptake among rest of 

rootstocks while, PL and SL rootstocks showed no significant difference between 

them. GF-677  rootstock  was found  to be resistant  against iron deficiency (Toit et 

al., 1995).  As Fe  deficiency is  considered  very  rare in soils other than calcareous 
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therefore, it has never been a major threat.   

2.6.6 Effect of Rootstocks on Leaf Zinc Content   

Peach trees cv. ‘Flordaking’ grafted on GF-677 showed significantly higher 

leaf content (26.33 ppm) of zinc (Zn) compared with other rootstocks for the year 

2008 (Table 3) whereas, minimum leaf content of Zn (16.66 ppm) was noted in 

trees grafted on SL rootstock. For the year 2009, maximum Zn (29.33 ppm) 

concentration was registered by GF-677 rootstock followed by PL rootstock (Table 

3). While, lowest concentration of Zn (16.66 ppm) was observed in SL rootstock. 

It has been well documented that Zinc is a part of several proteins, 

responsible for numerous functions in plants. Peach trees show more susceptibility 

to Zn deficiency than many other crops (Swietlik, 1999). This study found 

significant differences for Zn among the treatments during both years of 

experiment. Highest tissue content of Zn was recorded in trees grafted on GF-677 

rootstock followed by PL rootstock while, SL rootstock having low zinc contents 

for both years. Rootstocks significantly regulate nutrient absorption in different 

soils and environmental conditions (Jimenez et al., 2007; Tsipouridis et al., 2005; 

Tsipouridis and Thomidis, 2005).  

2.6.7 Effect of Rootstocks on Leaf Copper Content   

Leaf concentration of micronutrient copper (Cu) was significantly higher 

(22.38 ppm) in ‘Flordaking’ trees grafted on PL rootstock followed by GF-677 

rootstock for the year 2008 (Table 3) whereas, lower leaf concentration of Cu 

(13.31 ppm) was observed in trees grafted on SL rootstock. No significant 
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variations were found between GF-677 and SL rootstocks at p < 0.05 level for both 

years. During the year 2009, increased leaf concentration of Cu (25.82 ppm) was 

noted in trees grafted on PL rootstock followed by GF-677 rootstock when 

compared with 16.19 ppm in peach trees of SL rootstock (Table 3). 

Mainly copper is involved in transfer of energy during photosynthesis 

process. Its deficiency is not common because of widespread foliar spray of Cu as 

an inexpensive broad-spectrum funjicide (Epstein and Bassein, 2001). The study 

under discussion reveals that SL rootstock performed the best in absorption of Cu 

than other rootstocks for both years of experiment. GF-677 and SL rootstocks 

remained non significant (p < 0.05) for both years. However, GF-677 rootstock 

performed better than SL rootstock. Other researchers, on the basis of their findings 

ranked GF-677 rootstock as intermediate for Cu absorption (Tsipouridis et al., 

2005; Tsipouridis and Thomidis, 2005).  

2.6.8 Effect of Rootstocks on Leaf Manganese Content   

The table 3 clearly depicts significant effects of all three rootstocks on leaf 

content of manganese (Mn) for the year 2008 (Table 3). The concentration of Mn 

(94.00 ppm) in leaves of GF-677 rootstock was significantly higher than PL and SL 

rootstocks. Lowest concentration of Mn (52.00 ppm) was recorded in trees grafted 

on SL rootstock. Means for treatments revealed maximum leaf content of Mn 

(98.68 ppm) in trees of GF-677 rootstock followed by PL rootstock for the year 

2009 (Table 3). Minimum leaf content of Mn (63.00 ppm) was found in trees of 

peach cv. ‘Flordaking’ grafted on SL rootstock. 

Manganese   also has  a   role  in    photosynthesis   process   and   enzymes 
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activation. Results of the study showed that GF-677 rootstock performed best for 

Mn absorption followed by PL rootstock. These findings are supported by those of 

Tsipouridis and Thomidis (2005) that GF-677 rootstock had highest tissue content 

of Mn when compared with other rootstocks.  

2.6.9 Effect of Rootstocks on Fruit Growth Curve 

In this study, fruit growth curve was recorded with no differences among 

the treatments for both years of experiment (Fig. 1). A double-sigmoid growth 

curve pattern was showed by fruits of trees of all three different rootstocks, with 

four stages of growth. Fruit growth (diameter) was illustrated by a linear increase in 

fruit size up to 38 dAFB (days after full bloom) during first stage (A), thereafter 

second stage (B) from 38 to 52 dAFB depicted a low fruit growth with pit 

hardening. Third stage (C) was characterized as exponential growth from 52 to 59 

dAFB. Fourth and last stage (D) showed slight increase in fruit size. The purpose of 

fruit growth curve was to ascertain the effect of rootstocks in growth pattern of 

peach fruit cv. ‘Flordaking’. Other researchers who tried to regulate the fruit 

growth pattern, reported that AVG treatments had no effects on altering the fruit 

growth pattern of peach cv. ‘Redhaven’ compared with control (Bregoli et al., 

2002).  

2.6.10 Effect of Rootstocks on TCSA 

 Effects of rootstocks on trunk cross sectional area (TCSA) for peach cv. 

‘Flordaking’ trees grafted on different rootstocks was observed significantly 

different among the treatments for the year 2008 (Table 3). Increased TCSA 

(1371.67 cm2)  was  recorded in trees  grafted  on GF-677  rootstock compared with 
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Fig. 1: Peach fruit cv. ‘Flordaking’ growth curve (diameter) started   

      from 24 to 66 dAFB  with   four stages (A-D) during the years 2008 and

      2009. 
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 trees grated on SL rootstock which had minimum TCSA (547.7 cm2). During the 

year 2009 results for TCSA in Table 3 reveal that maximum (2312.8 cm2) TCSA 

trees grated on SL rootstock which had minimum TCSA (547.7 cm2). During the 

year 2009 results for TCSA in Table 3 reveal that maximum (2312.8 cm2) TCSA 

was found in trees grafted on GF-677 rootstock (Table 3) having significant 

difference among others. Whereas, minimum expansion in TCSA (547.7 cm2) was 

observed in trees grafted on SL rootstock. 

TCSA is regarded as an important agronomical parameter which indicates 

good scion-stock compatibility, plant adaptability to the area and soil conditions by 

demonstrating high tree vigor with greater TCSA. The study under discussion 

reveals significant effect of rootstocks on TCSA of peach cv. ‘Flordaking’ trees. 

The largest TCSA was observed in trees on GF-677 rootstock followed by PL 

rootstock while, smallest TCSA was recorded in SL rootstock. Rootstocks have 

been reported to significantly affect the TCSA of peach tress (Zarrouk et al., 2005; 

Giorgi et al., 2005), cherry trees (Jimenez et al., 2007; Cantin et al., 2010) and 

plum trees (Rato et al., 2008) significantly. The analysis of variance for TCSA 

reveals vigorous growth in GF-677 followed by local rootstock (PL) however, the 

mechanism through which rootstocks induce vigor of scion cultivar is yet unknown 

(Basile et al., 2003; Sorce et al., 2002; Cantin et al., 2010).   

2.6.11 Effect of Rootstocks on Cumulative Yield 

 Maximum cumulative yield/tree (50.41 kg) of peach fruit cv. ‘Flordaking’ 

was recorded in trees grafted on GF-677 rootstock followed by PL rootstock for the 

year 2008 (Table 3). Minimum cumulative yield/tree (30.45 kg) was noted in trees 

grafted on SL rootstock when compared with GF-677 rootstock. For the year 2009, 



42 
 

cumulative yield/tree was recorded with significant differences among the 

rootstocks (Table 3). Highest cumulative yield/tree (53.30 kg) was noted in peach 

trees grafted on GF-677 rootstock compared with least cumulative yield/tree (30.90 

kg) of trees grafted on SL rootstock. 

 Optimum and commercially viable yield from a cultivar is a most desired 

concern of an orchardist. This can be achieved by their compatibility and stock-

scion interaction. Rootstocks effect on yield, fruit quality and nutrients uptake has 

been well documented (Bielicki et al, 2000; Chun and Fallahi, 2001; Caruso et al., 

1996 and 1997). In this study, GF-677 and PL rootstocks significantly induced 

higher yield in peach cv. ‘Flordaking’ when compared with SL rootstock during 

both years of experiment. The reason behind higher yielding may be better 

adaptability of the rootstocks to the area where these were planted. GF-677 

rootstock gave significantly higher yield and better quality peach fruits cv. ‘May 

Crest’ than other ten peach rootstocks (Tsipouridis and Thomidis, 2005). Facteau et 

al. (1996) have also reported that ‘Bing’ cherry yield was significantly influenced 

by rootstocks. 

2.6.12 Effect of Rootstocks on Yield Efficiency 

Results pertaining to yield efficiency showed highest (0.06 kg/cm2) in peach 

fruit cv. ‘Flordaking’ trees planted on SL rootstock for the year 2008 (Table 3). 

Lowest yield efficiency (0.03 kg/cm2) was noted in trees planted on GF-677 

rootstock followed by SL rootstock, while these two rootstocks showed no 

statistical difference (p < 0.05) among each other. For the year 2009, treatment 

means showed significant differences for yield efficiency among the rootstocks 
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 (Table 3). SL was found highest (0.03 kg/cm2) for yield efficiency among the 

treatments while GF-677 and PL remained statistically at par.  

The tree yield efficiency was computed from cumulative yield/tree dividing 

by corresponding tree TCSA. Means of the obtained data indicated that SL 

rootstock have highest yield efficiency than GF-677 and PL rootstocks during both 

years of experiment. However, GF-677 and PL rootstocks remained statistically at 

par (p < 0.05). Highest yield efficiency induced by SL rootstock can be attributed 

to the decreased TCSA. It has been reported earlier that rootstocks significantly 

influenced yield efficiency of peach trees (Giorgi et al., 2005; Zarrouk et al., 2005). 

2.6.13 Effect of rootstocks on Number of Fruits 

 The effect of rootstocks on number of fruits per tree was observed 

significantly different among the rootstocks for the year 2008 (Table 3). Maximum 

number of fruits per tree (331.67) was recorded in trees grafted on GF-677 

rootstock followed by PL rootstock. Lowest number of fruit per tree (189.67) was 

found in trees grafted to SL rootstock. For the year 2009, highest number of fruits 

per tree (355.33) was noted in trees grafted on GF-677 followed by PL rootstock 

(Table 3) while, decreased number of fruit per tree (207.67) was found in trees 

grafted on SL rootstock.  

 Number of fruit per tree has great impact on fruit quality. Balanced and well 

arranged fruit set guarantees good quality fruit. Fruit size is directly proportional to 

number of fruit on tree (Walsh et al., 2007). The results of the study were found 

highly significant in peach cv. ‘Flordaking’ trees during both years. Maximum 

number of fruits per tree was recorded in peach trees grafted on GF-677 rootstock 
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followed by PL rootstock. Least number of fruits per tree was noted in SL 

rootstocks. The reason for higher number of fruits per tree in trees on GF-677 

rootstock may be due to the scion compatibility and adaptability of the stock-scion 

to the growing area.  

2.6.14 Effect of Rootstocks on Fruit Size 

Treatment means for fruit size were recorded significantly maximum (73.98 

mm) in fruit of trees grafted on SL rootstock for the year 2008 (Table 3). Whereas, 

minimum fruit size (63.36 mm) was noted in fruits of trees grafted on GF-677 

rootstock followed by PL rootstock however, these two rootstocks remained 

statistically at par (p < 0.05). For the year 2009, highly significant difference was 

recorded for fruit size among the rootstocks (Table 3). Biggest size of fruit (72.75 

mm) was registered by fruit of trees grafted on SL rootstock followed by PL 

rootstock, while smallest fruit size was noted in fruits of trees grafted on GF-677 

rootstock. 

Fruit size plays an important role in fruit acceptability. Mostly medium 

sized fruit are considered to be having good quality and nutritional values. Several 

researchers have reported the effect of rootstocks on fruit size (Giorgi et al., 2005; 

Facteau et al., 1996; Jimenez et al., 2007; Cantin et al., 2010).  In this study, 

rootstocks showed significant differences among them for fruit size of peach fruit 

cv. ‘Flordaking’ during both years of experiment. Increased fruit size was induced 

by SL rootstock when compared with that of fruit of trees on GF-677 rootstock for 

both years. However, PL and GF-677 rootstocks remained at par at p < 0.05 level. 

Increased fruit size may be due to low yield and less number of fruits on trees 
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grafted on SL rootstock which resulted in low quality fruits due to decreased FRSA 

and AA content. Increased fruit size can be correlated with increased SSC:TA ratio 

(Table 13.1 and 2) and this reason is backed up by Cantin et al. (2010) who stated 

about SSC:TA ratio which increased as the fruit size increased in cherry fruit. 

Earlier, it has been documented that peach fruit size is proportional to number of 

fruit (Walsh et al., 2007). These findings are proved by theose of Giorgi et al. 

(2005) who stated that GF-677 rootstock had small sized fruits with better fruit 

quality than ‘Ishtara’ rootstock and this was also reported that small sized peach 

fruits induced by GF-677 had balanced fruit quality with high nutritional value. 

Sweet cherry fruit size was significantly affected by rootstocks (Facteau et al., 

1996). As per results of our study, GF-677 and PL rootstocks bear with acceptable 

sized fruits along with greater quality.   

2.6.15 Effect of Rootstocks on Fruit Weight Loss 

Results pertaining to effects of rootstocks on percent weight loss of peach 

fruit cv.’Flordaking’ was recorded significantly different among the treatments for 

the year 2008 (Table 4.1). Fruit of trees grafted on GF-677 rootstock was observed 

with least weight loss (11.47%) followed by Peshawar Local (PL) rootstock. 

Maximum weight loss (14.79%) was found in fruits of Sawat Local (SL) rootstock. 

The interaction between treatments and storage period was statistically significant. 

A continual decrease for weight loss was noted among all the treatments during 

storage period (Fig. 2). Highest fruit weight losses were recorded during fourth 

week of storage. 

Table 4.2 showed  means  for the  year  2009  depicts  minimum weight loss 
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Table 4.1: Effect of different rootstocks on percent weight loss of peach 

      fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2008. 

 

 

 

  

 

 

 

 

 

 

 

 

Table 4.2: Effect of different rootstocks on percent weight loss of peach  

      fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

 

 

 

 

 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 0.00h 4.23g 9.01ef 14.05d 17.06cd 24.49b 11.47C 

PL 0.00h 6.22fg 9.81e 14.43d 17.57c 29.19a 12.87B 

SL 0.00h 6.16fg 10.75e 18.94c 22.11b 30.77a 14.79A 

Mean** 0.00F 5.54E 9.86D 15.80C 18.91B 28.15A  

              LSD              T=0.8085       W=1.4069       TW=3.0365 

Treatment 
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 0.00i 4.81k 9.12ij 15.31fgh 19.18ef 27.39bc 12.63C 

PL 0.00i 6.37jk 11.82hi 16.65fg 22.17de 30.35ab 14.56B 

SL 0.00i 6.32jk 14.83gh 16.96fg 23.82cd 32.85a 15.98A 

Mean** 0.00F 5.83E 11.92D 16.31C 21.72B 30.19A  

              LSD             T=1.1191        W=1.9474        TW=4.2031 
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Fig.   2: Effect of different rootstocks on percent weight loss of peach fruit  

   cv. ‘Flordaking’  during  the years 2008 and 2009 stored at 0 ±0.3                

   ºC. Vertical bars indicate  ± SE of the means. 
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(12.63%) in fruits of trees grafted on GF-677 rootstock during five week storage. 

Whereas maximum losses in fruit weight (15.98%) was observed in fruits of trees 

grafted on SL rootstock followed by PL rootstock. Means for weekly intervals 

reveal a decreasing trend for weight loss in all treatments during the entire storage 

period (Fig. 2). 

 Water losses through skin evapotranspiration are the main cause of fruit 

weight loss and to some extent respiration also contribute in water losses. It is well 

known that stored fruit loose weight as storage period prolongs. Low  temperature  

storage may enhance  storage  life but  cannot  completely  inhibit   water  losses  

from  fruit  (Ding et al., 1998). Currently no reported data has been reported 

regarding effect of rootstocks on peach fruit weight loses during storage. However, 

in this study, fruit of peach cv. ‘Flordaking’ trees grafted on GF-677 rootstock 

showed significantly lowest percent water losses compared with SL and PL 

rootstock for both years. The interaction between rootstocks and storage period was 

significant which also indicated consistent decrease in weight losses in all 

treatments during both years.  

2.6.16  Effect of Rootstocks on Fruit Skin Lightness (L*) Values 

 The treatments means for fruit skin lightness (L*) indicate highly significant 

differences among the treatments for the year 2008 (Table 5.1). Fruits of trees 

grafted on GF-677 rootstock showed significantly increased L* values (33.18) 

compared with SL rootstock having values of L* (25.12) during five week storage 

period. The  interaction  between  treatments  and storage period was significantly  

different.  
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 All three rootstocks were observed with highly significant difference for 

fruit skin L* of peach cv. ‘Flordaking’ for the year 2009 (Table 5.2).  Highest 

values for L* (33.54) were recorded in the skin of fruit of trees grafted on GF-677 

rootstock followed by PL rootstock during storage period.  Whereas lowest values 

for L* (29.83) were noted in fruits of trees grafted on SL rootstock. The mean 

values during five week storage period for both years showed decreasing trend in 

fruit skin L* (Fig. 3). 

 Fruit color analysis is frequently an important consideration while assessing 

the efficacy of a variety for postharvest performance (McGuire, 1992). High 

luminosity (L*) values depict freshness of the fruit. CIE L* values of fruit skin have 

great importance which can be correlated with the total pigments present in the fruit 

skin (Silva et al., 2005). Current experiment, rootstocks showed highly significant 

effect on L* in the skin of peach fruit cv. ‘Flordaking’ during storage period for 

both years. Fruits of trees on GF-677 rootstock had significantly higher L* values 

followed by PL rootstocks. Lowest values were noted in fruit of trees on SL 

rootstock. The reason for lower L* in the skin of peach fruit may be refered to 

excessive moisture losses from fruit skin. Our outcomes are in line with the 

findings of Delwiche and Baumgardner (1985) who described moisture losses from 

the fruit surface resulted in decrease of L* values. GF-677 rootstock was found to 

induce lower L* (less intensed color) than ‘Adarcias’ or ‘Adafuel’ rootstocks 

having peach fruit cv. ‘Flavortop’ (Albas et al., 2004). The L* values of cherry fruit 

skin was significantly influenced by different rootstocks (Cantin et al., 2010). 

Results for  treatments and  storage  period  interaction indicate a declining trend in 

all treatments till end of the experiment for both years. According to our knowledge 



50 
 

 Table 5.1: Effect of different rootstocks on skin lightness (L*) of peach fruit  

       cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2008. 

 

 

 

 

Table 5.2: Effect of different rootstocks on skin lightness (L*) of peach fruit 

      cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 39.83a 35.87ab 33.66abc 32.18a-d 31.19a-d 26-39cde 33.18A 

PL 38.26ab 34.64abc 33.23abc 29.78bcd 26.24cde 18.49ef 30.10B 

SL 35.71ab 32.05a-d 31.15a-d 23.30de 17.40ef 11.13f 25.12C 

Mean** 37.93A 34.18AB 32.68B 28.42BC 24.94C 18.67D  

              LSD              T=2.4365       W=4.2431       TW=9.1641 

Treatment 
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 42.75a 42.57a 39.20ab 30.49cd 24.83def 21.37efg 33.54A 

PL 43.09a 42.73a 37.49ab 26.83de 21.76efg 19.46fg 31.82B 

SL 42.21a 41.81a 34.24bc 23.90ef 20.04fg 16.83g 29.83C 

Mean** 42.68A 42.21AB 36.97B 27.07C 22.21C 19.22D  

             LSD              T=1.5723       W=2.7380       TW=5.9135 
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Fig.   3: Effect  of different  rootstocks  on  skin  lightness  (L*)  of  peach fruit cv. 

   ‘Flordaking’  during   the   years  2008   and  2009  stored  at  0 ±0.3  ºC.  

   Vertical bars indicate ± SE of the means. 
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no research work has been reported on color changes in peach fruit skin during 

storage period.  

2.6.17 Effect of Rootstocks on Fruit Skin Blush (a*) Values 

 In peach cv. ‘Flordaking’, the reddest color (26.30) was found in fruits of 

trees grafted on SL rootstocks for the year 2008 (Table 6.1). Whereas, least 

changes in a* (23.57) were recorded in fruits of trees grafted on GF-677 rootstock 

followed by PL and SL rootstocks respectively during storage period. However, 

GF-677 and PL rootstocks remained statistically at par (p < 0.05). Little change 

was observed for a* during first week of storage then it showed increasing trend 

from second week till the end of experiment (Fig. 4). 

 Maximum a* value (27.54) was found in the fruits of trees grafted on SL 

rootstock compared with GF-677 rootstock during the year 2009 experiment (Table 

6.2). While, least change in a* (25.56) was noted in fruits of trees grafted on GF-

677 rootstock during storage period. However, GF-677 and PL rootstocks 

registered non significant differences for a* changes in fruit skin. Means for 

storage period reveal steady increase in a* of peach fruit skin throughout the 

experiment (Fig. 4).   

 Anthocyanins and phenolic compounds are responsible for redness of peach 

fruit skin (Shafiee et al., 2010) and it is considered an indicator of flesh softening in 

peaches (Amoros et al., 1989). The study under discussion indicates that GF-677 

rootstock induced lower a* values in peach fruits cv. ‘Flordaking’ while SL 

rootstock  had higher  a*  values during storage period for the year 2008. However, 
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Table 6.1: Effect of different rootstocks on skin blush color (a*) of peach fruit      

      cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2008. 

 

 

 

Table 6.2: Effect of different rootstocks on skin blush color (a*) of peach fruit         

      cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment 

Storage period (weeks) 
 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 20.95d 20.92d 22.34cd 24.93a-d 26.30abc 26.01abc 23.57B 

PL 23.57bcd 23.64bcd 24.83a-d 23.58bcd 26.10abc 23.86bcd 24.26B 

SL 24.26a-d 24.92a-d 27.21ab 27.81ab 25.13a-d 28.47a 26.30A 

Mean** 22.93B 23.16B 24.79AB 25.44A 25.84A 26.11A  

              LSD              T=1.2219       W=2.1263       TW=4.5892 

Treatment  
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 23.24f 23.84ef 25.82b-f 26.35b-f 25.76b-f 28.38abc 25.56B 

PL 24.45def 24.83c-f 25.50b-f 26.75b-f 27.03b-e 28.03a-d 26.10B 

SL 24.93c-f 26.01b-f 26.86b-f 27.38b-e 28.76ab 31.33a 27.54A 

Mean** 24.21D 24.89CD 26.06BC 26.83B 27.18B 29.25A  

             LSD              T=0.9759       W=1.6983       TW=3.6654 
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Fig.   4: Effect  of  different  rootstocks  on  fruit  skin blush (a*) of peach fruit cv. 

   ‘Flordaking’ during  the years 2008 and 2009 stored at 0 ±0.3 ºC. Vertical 

   bars indicate ± SE of the means. 
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no significant difference was recorded between GF-677 and PL rootstocks (p < 

0.05). The year 2009 was recorded with similar results for CIE a*. Rapid changes 

in peach fruit skin redness (a*) may be attributed to intensity in the skin due to 

higher transpirational losses from the fruit surface during storage. Fruit softening 

can also be another reason for higher a* values in fruits of trees on SL rootstock. 

Rootstocks significantly induced changes in a* of cherry fruit skin (Cantin et al., 

2010). No work has been so far reported on the effect of rootstock on color changes 

in the skin of peach fruit during storage period. The interaction between treatments 

and storage period was found significanct. Generally, all the treatments were noted 

with increase in a* during the storage period.  

2.6.18 Effect of Rootstocks on Fruit Skin Ground color (b*) Values 

 Peach fruit cv. ‘Flordaking’ grafted on GF-677 showed significantly lower 

values (25.67) for b* compared with other treatments for the year 2008 (Table 7.1). 

Whereas, highest value (29.54) was recorded for fruits of trees grafted on SL 

followed by PL rootstock however, these rootstocks showed non significant 

differences (p < 0.05) between them during five week storage interval. Means for 

weekly intervals indicate a declining trend for b* during the entire storage period 

(Fig. 5). 

 For the year 2009, all the three rootstocks showed highly significant 

differences for b* in the skin of peach fruit during storage period (Table 7.2). 

Significantly lowered values (20.84) for b* have been noted in the skin of fruit 

taken from trees grafted on GF-677 compared with that of fruit of trees grafted on 

SL rootstock (23.79). The interaction between treatments and weekly intervals was 
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Table 7.1: Effect of different rootstocks on skin ground color (b*) of peach fruit         

      cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2008. 

 

 

 Table 7.2: Effect of different rootstocks on skin ground color (b*) of peach fruit  

        cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05   

  (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 32.70ab 29.78b-e 26.89d-g 23.44fgh 23.24gh 17.98i 25.67B 

PL 34.72a 31.57abc 31.92abc 25.29fgh 25.36e-h 21.95hi 28.47A 

SL 34.32a 31.16a-d 27.86c-f 26.98d-g 21.99hi 34.92a 29.54A 

Mean** 34.11A 31.89B 29.99B 25.53C 25.19C 20.64D  

             LSD              T=1.1894      W=2.0698      TW=4.4672 

Treatment  
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 21.47def 21.90c-f 20.80ef 20.39ef 20.09f 20.09f 20.84C 

PL 25.79ab 22.52b-f 23.90a-e 22.04c-f 21.10def 20.11f 22.57B 

SL 26.50a 25.18abc 24.77a-d 22.66b-f 21.80c-f 21.49c-f 23.79A 

Mean** 24.59A 23.20AB 23.16AB 21.69BC 21.21C 20.56C  

             LSD              T=0.9823      W=1.7093      TW=3.6891 
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Fig.   5: Effect of different rootstocks on skin ground color (b*) of peach fruit cv.    

  ‘Flordaking’ during the years 2008 and 2009 stored at 0 ±0.3 ºC. Vertical  

  bars indicate ± SE of the means. 
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observed with significance. There was a gradual decrease in b* of peach fruit skin 

during storage period (Fig. 5). All the treatments reached to a minimum level 

during fifth week. 

 Higher values of b* is indicative of degradation of chlorophyll and 

simultaneously increasing of carotenoids in the skin of fruit (Addoms et al., 1930). 

Our study reveal that GF-677 rootstock showed significantly least values of b* in 

peach fruit skin than rest of rootstocks during both years of the experiment. 

Whereas maximum b* values were found in fruit skin of trees on SL rootstock 

during storage period. PL and SL rootstocks remained at par for the period of the 

year 2008 of experiment while, for the period of year 2009 PL rootstock exhibited 

intermediate for b* values. The reason for lowered b* in the skin of peach fruit may 

be intact fruit quality attributes along with slower degradation of chlorophyll and 

less carotenoids accumulation in the skin. Means for storage period indicate overall 

decreasing trend for b* in fruits of all rootstocks during storage period. 

2.6.19  Effect of Rootstocks on Fruit Skin Color Chroma (C*) Values 

 Treatment means in Table 8.1 indicate highly significant effects on the 

chroma (C*) in fruit skin of peach cv. ‘Flordaking’ for the year 2008 (Table 8.1). 

Least changes in C* (35.20) were found in fruit skin of trees grafted on GF-677 

rootstock followed by PL rootstock during five week storage period. While, 

maximum changes in skin color for C* (39.78) was registered by fruit of trees 

grafted on SL rootstock. Weekly means taken from values of data showed that 

there was consistent decrease in chroma of peach fruit skin during storage (Fig. 6). 

GF-677 rootstock significantly lowered down (33.03) C* in the skin of 
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Table 8.1: Effect of different rootstocks on skin chroma (C*) of peach fruit               

      cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2008. 

        

  

Table 8.2: Effect of different rootstocks on skin chroma (C*) of peach fruit               

       cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

       

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks) 

 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 38.83a-d 36.41b-f 34.96d-g 34.24efg 35.11d-g 31.67g 35.20C 

PL 41.99a 39.47abc 40.45ab 34.61d-g 36.41b-f 32.44fg 37.56B 

SL 42.53a 42.43a 41.40a 39.39abc 36.91b-e 36.00c-f 39.78A 

Mean** 41.11A 39.43AB 38.94B 36.15C 36.08C 33.37D  

              LSD              T=1.1256      W=1.9587      TW=4.2275 

Treatment  
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 31.45e 32.38de 33.16b-e 3.34b-e 33.08cde 34.78a-e 33.03C 

PL 35.55a-d 33.53b-e 34.96a-d 34.68a-e 34.32b-e 34.51b-e 34.59B 

SL 36.64ab 36.20abc 36.55abc 35.56a-d 36.13abc 38.02a 35.51A 

Means** 34.54AB 34.03B 34.89AB 34.53AB 34.51AB 35.77A  

                 LSD              T=0.9342      W=1.6256      TW=3.5086 
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Fig.   6: Effect of different rootstocks on skin chroma (C*) of peach fruit cv.  

  ‘Flordaking’ during the years 2008 and 2009 stored at 0 ±0.3 ºC. Vertical  

   bars indicate ± SE of the means. 
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peach fruit ‘Flordaking’ followed by PL rootstock for the year 2009 (Table 8.2). 

Whereas, highest C* values (35.51) were found in fruit of trees grafted on SL 

rootstock during five week storage period. Means for storage intervals reveal a 

fluttered trend during the entire storage period (Fig. 6). 

 Fruit color intensity or saturation can be assessed by chroma (C*) values. 

This study indicate that GF-677 rootstock significantly lowered the changes in C* 

in the skin of peach fruit cv. ‘Flordaking’ compared with other rootstocks during 

five week storage period for both years. Fruits of trees on SL rootstock had 

maximum C* values and exhibited more intense colored fruits during storage 

period. Increased color (C*) can be attributed to increased degradation of 

chlorophyll and biosynthesis of carotenoids. The interaction between treatments 

and weekly intervals was significant during first year and showed decreasing trend 

while, second year storage period showed fluttered trend. 

2.6.20 Effect of Rootstocks on Fruit Skin Color Hue Angle (h°) Values 

 Results pertaining to hue angle (h°) showed that fruit of trees grafted on 

GF-677 rootstock had decreased h° (47.00) as compared to rest of treatments for 

the year 2008 (Table 9.1). While, highest h° (49.15) was observed in fruit of trees 

grafted on PL rootstock followed by SL rootstock during storage period. The 

interaction between treatments and storage period was found statistically 

significant. Means for storage period show that h° in general, decreased 

consistently during the entire storage period (Fig. 7). 

 Maximum h° (40.85) was recorded in fruits of trees grafted on SL rootstock 
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Table 9.1: Effect of different rootstocks on skin hue angle (ho) of peach fruit  

      cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2008. 

 

 

 Table 9.2: Effect of different rootstocks on skin hue angle (ho) of peach fruit  

       cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

 

Treatment 
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 57.36a 54.95ab 50.32a-e 43.23efg 41.45fgh 34.68h 47.00B 

PL 55.80ab 53.16abc 52.11a-d 47.01c-f 44.18efg 42.63fg 49.15A 

SL 55.21ab 54.04abc 48.87b-f 45.03d-g 47.03c-f 37.66gh 47.97AB 

Mean** 56.12A 54.05A 50.43B 45.09C 44.22C 38.32D  

                 LSD              T=1.9976     W=3.4760      TW=7.5024 

Treatment  
Storage period (weeks) 

 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 42.29abc 42.59abc 38.82bcd 37.71cd 38.81bcd 35.26d 39.25A 

PL 46.52a 42.23abc 43.13abc 39.49bcd 38.01bcd 35.66d 40.84A 

SL 47.11a 44.07ab 42.70abc 39.57bcd 37.19cd 34.45d 40.85A 

Mean** 45.31A 42.96AB 41.55BC 38.92CD 38.01DE 35.12E  

                LSD              T=1.6845     W=2.9312      TW=6.3264 
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Fig.   7: Effect of different rootstocks on skin hue angle (ho) of peach fruit cv.  

  ‘Flordaking’  during   the  years  2008 and  2009 stored  at 0 ±0.3 ºC.   

  Vertical bars indicate ± SE of the means. 
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for the year 2009 (Table 9.2). Whereas, least changes in h° (39.25) was noted in 

fruit of trees grafted on GF-677 rootstock followed by PL rootstock during five 

week storage period. Mean values for weekly intervals indicate that h° decreased 

consistently throughout storage period of the experiment (Fig. 7). 

 The corresponding a* and b* readings were employed to compute the hue 

angle (h°) in the fruit skin (McGuire, 1992). Hue angle was recorded higher in fruit 

of trees on PL rootstock as compared with other rootstocks while, GF-677 

rootstock showed least ho values during storage period for the year 2008. SL 

rootstock showed intermediate response for ho during storage period. No significant 

effect of rootstocks was observed for ho during second year of experiment. 

Currently no information is available for the effect of rootstocks on each fruit skin 

during storage period. The interaction between treatments and storage period was 

significant and had declining tendency irrespective of treatments. 

2.6.21 Effect of Rootstocks on Fruit Firmness (N) 

  Analysis of variance for fruit firmness depicts that fruit of trees grafted on 

GF-677 rootstock, remained firmer (6.27 N) than rest of treatments for the year 

2008 (Table 10.1). Least fruit firmness (5.74 N) was recorded in fruit of trees 

grafted on SL rootstock during five week storage period. Rootstocks GF-677 and 

PL showed no significant difference (p < 0.05) for firmness. The interaction 

between rootstocks and storage period was significantly different. Mean values for 

week wise data showed a steady decrease in fruit firmness which reached to 

aminimum level during week five (Fig. 8).        
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Table 10.1: Effect  of  different  rootstocks on firmness  (N)  of peach  fruit                  

        cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2008.  

 

 

Table 10.2: Effect  of  different  rootstocks  on  firmness (N) of  peach  fruit    

        cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

 

Treatment  
Storage period (weeks)  

Rootstocks 1 2 3 4 5 6 Means* 
GF-677 71.85ab 73.55a 66.68abc 57.37de 51.97ef 47.72fg 61.52A 

PL 71.78ab 69.20abc 63.74cd 54.92e 53.73ef 42.69gh 59.34A 

SL 71.26ab 65.05bc 67.66abc 50.83ef 42.92gf 40.50h 56.37B 

Mean** 71.63A 69.26AB 66.03B 54.37C 49.54D 43.64E  

               LSD              T= 2.8025      W= 3.9634    TW=6.8647 

Treatment  
Storage period (weeks) 

 

Rootstocks 1 2 3 4 5 6 Means* 
GF-677 66.52a 64.36ab 60.18c 55.30d 49.06f 43.96g 56.56A 

PL 67.60a 62.14bc 54.00d 52.56de 45.53g 40.04h 53.64B 

SL 67.14a 59.52c 53.70d 50.21ef 43.21gh 34.91i 51.45C 

Mean** 67.08A 62.01B 55.96C 52.69D 45.93E 39.64F  

               LSD              T= 1.3548      W=1.9160     TW=3.3186 
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Fig.   8: Effect   of   different   rootstocks  on   firmness  (N)  of  peach  fruit   cv.  

  ‘Flordaking’ during the years 2008 and 2009 stored at 0 ±0.3 ºC. Vertical   

  bars indicate ± SE of the means. 
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Maximum fruit firmness (5.76 N) was observed in fruit of trees grafted on 

GF-677 rootstock followed by PL rootstock for the year 2009 (Table 10.2) while, 

minimum firmness (5.24 N) was found in fruit of trees grafted on SL rootstock 

during storage period. Means for storage period indicate significant increase in fruit 

softness with progress in storage period (Fig. 8) and firmness reached to its lowest 

level at the end of storage period. 

 The most frequent effect of any rootstock on fruit quality is differences in 

fruit firmness, organic acid levels and contents of sugars (Westwood et al., 1973). 

Fruit firmness is a major consideration of consumers (Hoehn et al., 2003; Lu, 

2004). Well systematic agronomical attributes (including selection of right 

rootstock and scion) lead to high flesh firmness which guarantees prolonged 

storage life of peaches. Sams (1999) stated that fruit size was negatively correlated 

to firmness, because of increased cell wall material in small sized fruits. Peach 

fruitsdue to it’s highly perishability, subjected to quick softening after harvest. Fruit 

softening can be slowed down by lowering the metabolism which in return can 

inhibit deterioration of fruit tissues (Gonzalez et al., 2004). 

 This study revealed that with regard to fruit firmness, trees of GF-677 

rootstock had significantly higher fruit firmness when compared with PL and SL 

rootstocks during five week storage period for both the years. This can be attributed 

to inhibition of insoluble protopectin into water-soluble pectin by fruits of trees 

grafted on GF-677 which results in delayed softening of fruits. Small fruits have 

more percentage of cell wall material therefore; have more firmness than larger 

fruits. Our findings are backed up by Tsipouridis and Thomidis (2005) who 

reported that peach cultivar “May Crest” on GF-677 rootstock had highest fruit 
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firmness among other thirteen rootstocks. Cherry fruit firmness has been 

significantly influenced by scion-rootstock combination (Cantin et al., 2010). The 

interaction of rootstocks and storage period shows consistent increase in peach fruit 

softening but this trend was relatively slower in fruits of GF-677 rootstocks. 

2.6.22 Effect of rootstocks on Soluble Solids Content 

 Soluble solids content (SSC) (% ºBrix) was found significantly different 

among the treatments for the year 2008 (Table 11.1). Decreased levels of SSC 

(10.23 % ºBrix) was noted in fruits of trees grafted on GF-677 rootstock followed 

by PL rootstock while, increased SSC levels (11.10 % ºBrix) were recorded in fruit 

of trees grafted on SL rootstock. The interaction between rootstocks and storage 

period was noted with significance during both years. Results of weekly intervals 

revealed an increasing trend in SSC of peach fruits during the entire storage period 

(Fig. 9). 

 The results in Table 11.2 revealed that minimum levels of SSC (10.31 % 

ºBrix) was recorded in fruit of trees grafted on GF-677 rootstock during five week 

storage period for the year 2009. Highest soluble solids content (10.76 % ºBrix) 

was observed in fruit of trees grafted on SL rootstock followed by PL rootstock. 

However, these both rootstocks revealed non significant difference (p < 0.05) 

between them. Means regarding storage period indicated that SSC generally, 

increased with passage of storage period. There was stability in SS content at 

beginning of storage period then the same increased during second week thereafter 

it remained constant during third and fourth week and for a second time it increased 

during the fifth week of experiment (Fig. 9).   
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Table 11.1: Effect of different rootstocks  on soluble solids content (% ºBrix)   

        of  peach  fruit cv. ‘Flordaking’  stored  at  0 ±0.3 ºC  during  the  

        year 2008. 

  

  

         

Table 11.2: Effect of  different   rootstocks  on soluble solids content (% ºBrix) 

          of peach fruit cv. ‘Flordaking’ peach fruit stored at 0 ±0.3 ºC for the 

         year 2009. 

 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

 

Treatment  
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 8.22k 8.95jk 10.00hi 11.08efg 11.38d-g 11.79b-e 10.23C 

PL 8.64k 9.52ij 10.68gh 11.59c-f 11.98a-d 12.51ab 10.82B 

SL 8.74jk 9.86i 10.97fg 12.06a-d 12.39abc 12.60a 11.10A 

Mean** 8.53E 9.44D 10.55C 11.57B 11.91B 12.30A  

LSD              T=0.2136       W=0.3717        TW=0.8022 

Treatment  
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 

GF-677 
9.23hi 9.25hi 9.85gh 10.62efg 11.24cde 11.69abc 10.31B 

PL 9.00i 9.09hi 10.31fg 11.23cde 11.58bcd 12.23ab 10.57A 

SL 9.02i 9.22hi 10.82def 11.47bcd 11.58bcd 12.45a 10.76A 

Mean** 9.08D 9.18D 10.33C 11.10B 11.47B 12.12A  

               LSD              T=0.2181        W=0.3795        TW=0.8191 
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Fig.   9: Effect  of  different  rootstocks  on  SSC  (% ºBrix) of peach fruit cv.  

 ‘Flordaking’ during   the years  2008  and  2009  stored  at  0 ±0.3 ºC.  

 Vertical  bars indicate ± SE of the means. 
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 Soluble solid content is one of the main quality attributes which contribute 

towards fruit acceptability. It is well known that SS content of fruit increases 

during storage due to insoluble starch conversion into soluble solids. In other 

words, SSC changes are directly correlated with hydrolytic changes in the starch 

concentration in harvested fruits and these changes cause starch conversion into 

sugars, which are vital index for ripening process (Kays, 1991). SSC increased in 

‘Flordaking’ peaches when compared with the day of harvest while ‘Dixiland’ 

peaches showed opposite behavior during 28 days cold storage at 0 °C (Murray and 

Valentini, 1998). Jimenez et al. (2004) described in their report that cherry fruits 

SSC was influenced with significance by rootstocks. Peach fruit quality is a 

multifaceted and reckons with cultural conditions (Crisosto et al., 1997; DeJong et 

al., 2002).  

 The study under discussion indicates increasing SSC in all treatments with 

increase in storage period. However, fruit of trees on GF-677 rootstock have 

significantly lower SSC as compared with fruits of rest of rootstocks during storage 

period for both years. This may be correlated to hydrolysis of polysaccharides 

which leads to higher concentration of SSC in juice due to increased fruit weight 

losses. GF-677 rootstock reduced SSC levels in fruits of different peach genotypes 

(Drogoudi and Tsipouridis, 2007). Higher concentration of SSC in SL rootstock 

may be due to low yield than higher yielding rootstocks. Cantin et al. (2010) have 

also ascribed high SSC concentration to low yield induced by rootstock. The 

interaction between rootstocks and storage period was found with significance. 

This interaction was also observed with increasing trend in SSC with increase in 

storage period. Plum fruits grafted on two different rootstocks have been reported 
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with increasing SSC levels during cold storage (Rato et al., 2008). Generally, 

increasing soluble solids content enhances the stone fruit eating quality, which 

should have minimum standard of 11% SSC in yellow fleshed peaches (Mcglasson, 

2001; Kader, 2002). 

2.6.23 Effect of Rootstocks on Titratable Acidity 

 Treatment means of rootstocks effect on titratable acidity (TA) of peach 

fruit cv. ‘Flordaking’ reveal significant differences among the treatments for the 

year 2008 (Table 12.1). Least losses in TA (0.46) were recorded in fruit of trees 

grafted on GF-677 rootstock followed by PL rootstock during five week storage 

period. Whereas, fruit of trees grafted on SL rootstock showed greater losses in TA 

(0.36) compared with GF-677 rootstock. The interaction between rootstocks and 

storage period was recorded with significance (p < 0.05) for both years. The 

graphical presentation for TA in peach fruit show linear decrease during storage 

period (Fig. 10).             

 Data pertaining to effect of rootstocks on TA of peach fruit indicate that 

minimum TA losses (0.30) were found in fruit of trees grafted on GF-677 followed 

by PL rootstock during the year 2009 (Table 12.2). Decreased TA (0.22) was 

observed in fruit  of  trees  grafted  on  SL  compared  with  GF-677  during  

storage  period.  Data recorded at weekly intervals showed that TA decreased in 

peach fruit as the storage period progressed (Fig. 10). 

 Higher titratable acidity levels depict increased life and intact quality of  

fruit during storage. SSC, TA and aroma volatile composition are all together result  
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Table 12.1: Effect of different rootstocks on titratable acidity of peach fruit   

        cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2008. 

 

 

Table 12.2: Effect of different rootstocks on titratable acidity of peach fruit.  

        cv. ‘Flordaking’ stored at 0 ±0.3 ºC during 2009. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 0.63a 0.58ab 0.51cd 0.45de 0.34f 0.24gh 0.46A  

PL 0.63a 0.56bc 0.44e 0.36f 0.26g 0.18h 0.40B 

SL 0.63a 0.55bc 0.39ef 0.28g 0.18h 0.11i 0.36C 

Mean** 0.63A  0.56B 0.44C 0.36D 0.26E 0.18F  

LSD                    T=0.0166        W=0.0289        TW=0.0623 

Treatment 
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 0.50ab 0.48ab 0.28cd 0.23de 0.16fgh 0.15fgh 0.30A  

PL 0.49ab 0.43b 0.21ef 0.16efg 0.15fgh 0.15fgh 0.26B 

SL 0.50a 0.34c 0.16efg 0.11gh 0.13fgh 0.08h 0.22C 

Mean** 0.50A  0.41B 0.22C 0.17D 0.15DE 0.13E  

              LSD              T=0.0197          W=0.0344         TW=0.0742 
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Fig.   10: Effect of different rootstocks on titratable acidity of peach fruit cv.  

    ‘Flordaking’ during  the  years 2008  and 2009  stored at 0 ±0.3 ºC.   

    Vertical bars indicate ± SE of the means. 
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of a flavor and are used frequently for fruit quality measurement (Ferguson and 

Boyd, 2002). Ripened fruit retains flavor for longer when acidity levels are higher 

(Ulrich, 1970). The study under discussion indicates maximum TA in fruit of trees 

on GF-677 rootstock during storage for both years. While, minimum TA was 

recorded in fruit of trees on SL rootstock. Fruits with higher levels of TA showed 

better performance in terms of intact quality. This can be because of decreased 

transformation of insoluble starch into soluble solids. Our findings are verified by 

the results of Albas et al. (2004) who have reported that TA in peach fruit was 

substantially affected by rootstocks. The interaction between treatments and storage 

period showed a linear decrease in TA in peach fruits for all treatments as the 

storage period progressed. 

2.6.24  Effect of Rootstocks on Soluble Solids Content and Titratable Acidity Ratio 

(SSC:TA) 

 Results for SSC:TA ratio reveal that fruit of trees grafted on GF-677 

rootstock had lower SSC:TA ratio (25.64) followed by PL rootstock during storage 

period for the year 2008 (Table 13.1). Maximum SSC:TA ratio was found in fruit 

of trees grafted on SL rootstock. The interaction between treatments and weekly 

intervals was significant for both years. SSC:TA ratio showed steady increase (Fig. 

11).  

 For the year 2008, all rootstocks were statistically different from each other 

(Table 13.2). Minimum SSC:TA ratio (43.80) was recorded in fruit of trees grafted 

on GF-677 rootstock compared with SL rootstock during storage period. Highest 

SSC:TA ratio (73.73) was noted in fruit of trees grafted on SL rootstock followed 
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Table 13.1: Effect of different rootstocks on soluble solids content and titratable           

         acidity  ratio  (SSC:TA)  of  peach  frut  cv.  ‘Flordaking’  stored  at  

         0±0.3ºC during the year 2008. 

 

Table 13.2: Effect of different rootstocks on soluble solids content and titratable           

        acidity  ratio  (SSC:TA)  of  peach  fruit  cv.  ‘Flordaking’  stored  at  

        0 ±0.3 ºC during the year 2009. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks) 

 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 12.92h 15.36gh 19.63gh 24.50fgh 32.85d-g 48.59cd 25.64C 

PL 13.74gh 16.92gh 24.33fgh 31.66d-h 45.96de 68.53b 33.52B 

SL 13.82gh 17.95gh 27.95f-h 42.81def 66.94bc 111.47a 46.82A 

Mean** 13.49E 16.74DE 23.97CD 32.99C 48.58B 76.19A  

               LSD              T=5.2192        W=9.0822        TW=19.602 

Treatment  
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 18.42g 19.19g 34.48fg 45.49efg 70.67cde 74.60bcd 43.80C 

PL 18.23g 21.15g 49.62def 71.65cde 74.41bcd 82.12bc 52.86B 

SL 17.85g 26.92fg 66.17cde 99.97b 83.98bc 147.54a 73.73A 

Mean** 18.17D 22.42D 50.09C 72.37B 76.35B 101.42A  

              LSD              T= 7.5060        W= 13.061        TW= 28.191 
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Fig.   11: Effect of different rootstocks  on  soluble solids content and titratable  

    acidity ratio (SSC:TA) of peach fruit cv. ‘Flordaking’ during the years        

    2008 and 2009  stored at 0 ±0.3 ºC. Vertical  bars indicate ± SE of the  

    means. 
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 by PL rootstock. Means for weekly intervals show that SSC:TA ratio had 

increasing trend during storage for both years (Fig. 11). 

 SSC:TA ratio is one of quality attributes which determines fruit 

maintenance status during storage. It is based on the concentrations of both organic 

acids and sugars or soluble solids. Our study show substantial effect of rootstocks 

on SSC:TA ratio during five week storage period for both years. SSC:TA ratio was 

remarkably lowered down in fruits of trees grafted on GF-677 rootstock when 

compared with SL rootstock which had highest ratio for both years. The increase in 

SSC:TA ratio can be attributed to higher soluble solids and lower titratable acidity 

contents in SL and PL rootstocks fruits. Cantin et al. (2010) reported that SSC:TA 

ratio increased with increase in fruit size and their findings are conformity with our 

results (Table 3) that SL rootstock attributed increased peach fruit size and higher 

SSC:TA ratio as well. SSC:TA ratio increased in all treatments with increase in 

storage period for both years.         

2.6.25 Effect of Rootstocks on Fruit pH 

 Average treatment means of peach fruit cv. ‘Flordaking’ reveal that fruit of 

trees grafted on GF-677 rootstock had low pH level (4.34) followed by PL 

rootstock during storage period for the year 2008 (Table 14.1). However, these 

rootstocks statistically remained at par (p < 0.05). Results for weekly intervals 

indicate surging trend in pH of peach fruit from the start of storage period and this 

trend remained increasing to the fifth week of experiment (Fig. 12). 

 Treatment means regarding fruit pH parmeter presented in Table 14.2 

indicated  minimum  levels of pH (4.53) in fruit of  trees  grafted on GF-677 for the 
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Table 14.1: Effect of different rootstocks on juice pH of peach fruit cv.‘Flordaking’ 

        stored at 0 ±0.3 ºC during the year 2008. 

 

 

 

Table 14.2: Effect of different rootstocks on juice pH of peach fruit cv.‘Flordaking’ 

         stored at 0 ±0.3 ºC during the year 2009. 

 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

 

Treatment  
Storage period (weeks) 

 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 3.86f 3.90f 4.26def 4.36def 4.96abc 4.70bcd 4.34B 

PL 3.93f 4.00f 4.30def 4.70bcd 4.56cde 5.03abc 4.42B 

SL 3.93f 4.10ef 4.56cde 5.03abc 5.10ab 5.33a 4.67A 

Mean** 3.91D 4.00D 4.37C 4.70B 4.87AB 5.02A  

               LSD    T=0.1340      W=0.2332    TW=0.5033 

Treatment  
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 4.03j 4.20hij 4.36f-i 4.63def 4.90bcd 5.06abc 4.53B 

PL 4.03j 4.30ghij 4.50e-h 4.73de 4.93bcd 5.16ab 4.61AB 

SL 4.10j 4.16ij 4.56efg 4.76cde 5.13ab 5.33a 4.67A 

Mean** 4.05F 4.22E 4.47D 4.71C 4.98B 5.18A  

              LSD   T=0.0822      W=0.1431           TW=0.3089 
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Fig.   12: Effect of different rootstocks on juice pH of peach fruit cv. ‘Flordaking’     

    during the year 2008 and 2009 stored at 0 ±0.3 ºC. Vertical bars indicate  

    ± SE  of the means. 
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year 2009. Maximum level of fruit pH was found in fruit of trees grafted on SL 

rootstock followed by PL rootstock during five week storage period. The 

interaction between rootstocks and storage period was significant for both years. 

The means values reveal a continual increase in fruit pH during the entire storage 

period (Fig. 12). 

 The measurement of hydrogen ion concentration (pH) in fruit juice is 

another parameter to determine the fruit quality. Lower levels of pH in fruit 

enhance its defensive mechanism against microbial attack during storage. In this 

study, pH in peach fruit of trees cv. ‘Flordaking’ on GF-677 rootstock was 

significantly maintained lower than fruits of other rootstocks during five week 

storage period for both years. Highest level of pH was observed in fruits of trees on 

SL rootstocks. In contrary to the findings of Albas et al. (2004), this study reveals 

significant effect of rootstocks on pH of fruits grafted on them. As per available 

literature no research work has been reported on rootstocks effect on pH of peach 

fruit during storage period. Means for weekly intervals of both years indicate a 

consistent increase in fruit pH of all treatments during storage period.   

 2.6.26 Effect of Rootstocks on Total Sugars (%)  

 Fruit of trees grafted on GF-677 had minimum content of total sugars 

(5.85%) for the year 2008 (Table 15.1). While, maximum total sugars content 

(6.14%) was noted in fruit of trees grafted on SL rootstock followed by PL 

rootstock. The interaction between treatments and storage period was recorded 

statistically significant for both years. Means for storage period indicate increasing 

trend for total sugar content in peach fruit during storage period (Fig. 13). 
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Table 15.1: Effect  of  different  rootstocks  on  percent  total sugars  content  of  

        peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2008. 

 

 

 

 

Table 15.2: Effect  of  different  rootstocks  on  percent  total  sugars  content  of  

         peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks) 

 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 5.10j 5.22ij 5.63hi 6.15efg 6.33c-f 6.70bcd 5.85C 

PL 5.14j 5.26ij 5.81gh 6.30def 6.55de 7.01ab 6.01B 

SL 5.14j 5.21j 6.08fg 6.43c-f 6.71bc 7.25a 6.14A 

Mean** 5.13E 5.23E 5.84D 6.29C 6.53B 6.98A  

             LSD        T= 0.1098        W= 0.1910       TW= 0.4122    

Treatment  Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 

GF-677 5.06g 5.46d-g 5.89c-f 6.04c-f 6.24a-d 6.59abc 5.88B 

PL 5.00g 5.28efg 6.06b-e 6.26a-d 6.49abc 6.87ab 5.99B 

SL 5.28efg 5.24fg 6.25a-d 6.68abc 6.89ab 7.01a 6.22A 

Mean** 5.11D 5.33D 6.07C 6.32BC 6.54AB 6.82A  

            LSD              T=0.2199      W=0.3827     TW=0.8259 
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Fig.   13: Effect of different rootstocks on percent total sugars content of peach fruit    

    cv. ‘Flordaking’ during the years 2008 and 2009 stored at 0 ±0.3 ºC.      

     Vertical bars indicate ± SE of the means. 
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Table 16.1: Effect of different rootstocks on percent reducing sugars content  

                   of  peach  fruit  cv. ‘Flordaking’  stored  at  0 ±0.3 ºC  during the 

                   year 2008. 

 

 

 

Table 16.2: Effect of different rootstocks on percent reducing sugars content  

                    of  peach  fruit cv. ‘Flordaking’  stored  at  0 ±0.3 ºC  during the  

                    year 2009. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

 

 

Treatment  
Storage period (weeks) 

 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 1.12ij 1.40hi 1.94g 2.39ef 2.73cde 3.02a-d 2.10C 

PL 0.89j 1.78gh 2.04fg 2.58de 2.96a-d 3.22ab 2.24B 

SL 1.25ij 1.79gh 2.40ef 2.80b-e 3.15abc 3.35a 2.46A 

Mean** 1.09F 1.65E 2.12D 2.59C 2.95B 3.20A  

            LSD           T= 0.1182        W= 0.2057        TW= 0.4439 

Treatment  
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 1.23i 1.67h 2.11efg 2.51de 2.89bcd 3.09abc 2.25B 

PL 1.11i 1.73gh 2.24ef 2.77cd 3.13abc 3.27ab 2.37A 

SL 1.17i 1.84fgh 2.31e 2.86bcd 3.21ab 3.32a 2.45A 

Mean** 1.17E 1.75D 2.22C 2.71B 3.08A 3.22A  

            LSD                 T= 0.1120          W= 0.1949            WT= 0.4206 
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Fig.   14: Effect of different rootstocks on percent reducing sugars content of peach 

      fruit cv. ‘Flordaking’ during the years 2008 and 2009 stored at 0 ±0.3 ºC. 

      Vertical bars indicate ± SE of the means. 
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   Lower content of total sugars was found in fruit of trees grafted on GF-677 

rootstock followed by PL rootstock during the year 2009 (Table 15.2). However, 

these rootstocks showed no significant difference (p < 0.05) between them. Results 

for weekly intervals showed increased total sugars content in general, in all 

treatments as storage period progressed (Fig. 13). 

2.6.27 Effect of Rootstocks on Reducing Sugars (%) 

 The reducing sugars content of peach fruit cv. ‘Flordaking’ was 

significantly affected by different rootstocks for the year 2008 (Table 16.1). 

Minimum reducing sugars content (2.10%) was noted in fruit of trees grafted on 

GF-677 rootstock followed by PL rootstock during five week storage period. 

Whereas, fruit of trees grafted on SL rootstock showed highest content of reducing 

sugars (2.46%). Means for weekly intervals reveal that reducing sugars content 

increased in all treatments during the whole storage period (Fig. 14).  

 Results pertaining to the effects of different rootstocks on reducing sugars 

show highest reducing sugars content in fruit of trees grafted on SL rootstock 

followed by PL rootstock during the year 2009 (Table 16.2). However, non 

significant difference (p < 0.05) has been observed between these two rootstocks. 

While, least changes for reducing sugars content was found in fruit of trees grafted 

on GF-677 rootstock compared with SL rootstock. The interaction between 

treatments and weekly intervals was found significant for both years. Mean values 

for weekly intervals indicate that reducing sugars content increased in peach fruits 

of all treatments during the entire storage period (Fig. 14). 
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2.6.28 Effect of Rootstocks on Non Reducing Sugars 

 Although there were no significant differences among the treatments for 

non reducing sugars however, peach fruit cv. ‘Flordaking’ grafted on PL rootstock 

had higher non reducing sugars content followed by GF-677 rootstock for the year 

2008 whereas, least content of non reducing sugars was observed in fruit of trees 

grafted on SL rootstock. Means for storage period reveal non reducing sugars 

content remained inconsistent during the entire storage period. 

 No significant differences for non reducing sugars were recorded among the 

treatments during five week storage period for the year 2009. However, fruit of 

trees grafted on PL rootstock registered lowest content of non reducing sugars 

compared with GF-677 and SL rootstocks. The interaction between rootstocks and 

weekly intervals also remained non significant indicating no effects of storage 

period on non reducing sugars.  

 The ratio of sugars and organic acids are main determinants which directly 

relate to the attributions of fruit taste. Non reducing sugars (sucrose) is less reactive 

molecule as compared to reducing sugars (fructose and glucose). Normally, non 

reducing sugars is brought into cells, secluded (sequestered) in vacuoles and 

consumed during respiration; nevertheless, rest of the sugars are shifted as well 

(Mir and Beaudry, 2002). Non reducing sugars significantly contributes to flavor 

due to its sweetness characteristic. This study reveals that minimum content of total 

sugars was observed in fruits of trees on GF-677 rootstock followed by PL 

rootstock during storage period for both years. Maximum levels of total sugars 

were recorded in fruits of trees on SL rootstock for both years. Highest content of 
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total sugars in fruits of trees on SL rootstock may be attributed to increased 

conversion of starch into total sugars due to increase in softening and water losses. 

No work has so far been done to determine the rootstocks effect on peach fruit 

sugars content during cold storage. In contrast to our results Albas et al. (2004) 

reported that GF-677 rootstock trees performed intermediate role in lowering 

sugars content of peach fruits. The interaction between treatments and storage 

period was noted with significance and had general increasing trend for total sugars 

content during the entire storage period. 

 Reducing sugars content was significantly affected by rootstocks in the fruit 

of peach cv. ‘Flordaking’ during both years of storage period experiments. Fruits of 

trees on GF-677 had significantly lower contents of reducing sugars than that of SL 

rootstock. Decreased levels of reducing sugars may be due to slower conversion of 

starch into sugars; less conversion of polysaccharides to monosaccharides. The 

interaction means were recorded with significant changes and show increase in 

reducing sugars content in all treatments as the storage period advanced.  

 Non reducing sugars were noted non significant among the treatments for 

both years. However, fruits of trees on PL and SL rootstocks were found higher in 

non reducing sugars content during the years 2008 and 2009 respectively. This may 

be because of higher concentration of sucrose and that is sign of relatively lower 

quality of the fruit than that of lower sucrose concentration. This work is in 

conformity with those of Wang et al. (1993) who stated that rapid conversion of 

starch into sugars results in increased non reducing sugars content of fruit. The 

interaction between rootstocks and weekly intervals show non reducing sugars 
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content fluttered trend during the year 2008 and no significant effect during the 

year 2009 of the experiment.  

2.6.29  Effect of Rootstocks on Ascorbic Acid      

 Effect of rootstocks on ascorbic acid (AA) of peach fruit cv. ‘Flordaking’ 

was recorded with highly significant differences among the treatments for the year 

2008 (Table 17.1). Maximum ascorbic acid content (5.47 mg/100g FW) was noted 

in fruit of trees grafted on GF-677 rootstock. Minimum AA (4.62 mg/100g FW) 

was observed in fruit of trees grafted on SL rootstock followed by PL rootstock. 

The interaction between treatments and storage period was significant for both 

years. The AA content of peach fruit in general, decreased as the storage period 

progressed (Fig. 15). 

 Highest AA content (4.87 mg/100g FW) has been observed in fruit of trees 

grafted on GF-677 rootstock followed by PL rootstock during storage period for the 

year 2009 (Table 17.2) whereas, lowest content of AA (4.32 mg/100g FW) was 

found in peach fruit of trees grafted on SL rootstock. Mean values for weekly 

intervals reveal a linear decrease  for AA content  in all treatments during the entire 

storage period (Fig. 15).   

 Ascorbic acid (vitamin C) is a vital nutrient in fruits and vegetables in 

general while in peaches in particular. It is subjected to quick degradation as 

compare to other  nutrients  during foods  processing and storage (Akhter, 2010). If 

levels of AA are retained during storage then it is believed that rest of the nutrients 

would remain stable as well (Fennema, 1996; Rueda, 2005; Ozkan et al., 2004). 
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Table 17.1: Effect  of  different  rootstocks  on  ascorbic  acid (mg/100g FW) of  

                   peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2008. 

 

 

 

Table 17.2: Effect  of  different  rootstocks  on  ascorbic  acid (mg/100g FW) of  

                   peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  

Storage period (weeks) 
 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 6.20a 6.08ab 6.11ab 5.48c 4.84d 4.13e 5.47A  

PL 6.16a 5.92ab 5.45c 4.79d 4.25e 3.41f 5.00B 

SL 6.21a 5.77bc 4.80d 4.37e 3.69f 2.89g 4.62C 

Mean** 6.19A  5.92B 5.45C 4.88D 4.26E 3.48F  

             LSD             T=0.0908      W=0.1581      TW=0.3412 

Treatment  

Storage period (weeks) 
 

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 5.80ab 5.53abc 5.36bc 4.54ef 4.43ef 3.57hi 4.87A 

PL 5.84a 5.34bc 4.83de 4.14fg 3.90gh 3.25ij 4.55B 

SL 5.77ab 5.27cd 4.51ef 3.81gh 3.57hi 3.03j 4.32C 

Mean** 5.80A 5.38B 4.90C 4.16D 3.96D 3.28E  

             LSD               T=0.1247         W=0.2170       TW=0.4684  
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Fig.   15: Effect of different rootstocks on ascorbic acid content of  peach fruit      

    cv.‘Flordaking’ during the years 2008 and 2009  stored at 0 ±0.3 ºC.  

    Vertical bars indicate ± SE of the means. 
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The AA content tends to decline throughout the processing and storage period 

(Veltman et al., 2000) and it has been reported that decrease in AA leads to 

senescence and deteriorated quality (Watada et al.; 1987). Because AA content 

tend to decrease in fruits when stored because of consumption of organic acids 

during respiration or its conversion to sugars (Kader, 2002a). This study indicates 

significant effect of rootstocks on AA content of fruits of peach cv. ‘Flordaking’ 

during five week storage period for both years. Fruits of trees on GF-677 rootstocks 

showed remarkably highest AA content followed by PL rootstock as compared 

with SL rootstock. Decreased content of AA may be attributed to increased 

respiration rate and senescence in fruits of treatments with lowered AA content. 

Thus, the results of our study verify that GF-677 rootstock has previously been 

documented as relatively better rootstocks for good fruit quality (Tsipouridis and 

Thomidis, 2005; Drogoudi and Tsipouridis, 2007).  

2.6.30 Effect of Rootstocks on Radical Scavenging Activity 

 Free radical scavenging activity (FRSA) of DPPH (67.24) was significantly 

high in peach fruit cv. ‘Flordaking’ of trees grafted on GF-677 rootstock followed 

by PL rootstock compared with SL rootstock for the year 2008 (Table 18.1) while, 

minimum FRSA (62.83) was recorded in fruit of trees grafted on SL rootstock. The 

interaction between treatments and weekly intervals has been found significant (p < 

0.05). However, means for weekly intervals show fluctuation in FRSA during first 

two weeks  thereafter it  relatively  remained  consistent  till the end of experiment 

 Treatments means for FRSA show significant differences among the 

treatments  for the  year  2009  (Table 18.2). Highest  RSA (69.64) was recorded in 
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Table 18.1: Effect   of   different   rootstocks  on  free  radical  scavenging  activity  

        (% inhibition) of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during 

        the year 2008. 

 

 

Table 18.2: Effect   of  different   rootstocks  on  free  radical   scavenging  activity  

        (% inhibition) of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during   

        the year 2009.   

  

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 66.21cd 62.73d 63.13d 71.64ab 69.17bc 70.57ab 67.24A  

PL 64.50d 64.79d 64.04d 71.96ab 70.74ab 62.07de 66.35A 

SL 58.03ef 55.48f 63.31d 62.45d 63.37d 74.34a 62.83B 

Mean** 62.91BC  61.00C 63.49B 68.68A 67.76A 68.99A  

            LSD              T=1.1134       W=1.9374       TW=4.1816 

Treatment  
Storage period (weeks)  

Rootstocks 0 1 2 3 4 5 Means* 
GF-677 66.57def 66.24def 69.25bcd 72.85a 70.95abc 72.01ab 69.64A  

PL 65.91ef 66.20def 66.77def 70.99abc 67.99c-f 68.42cde 67.71B 

SL 66.00ef 65.06f 66.72def 68.41cde 67.17def 67.51def 66.81C 

Mean** 66.16DE  65.83E 67.58CD 70.75A 68.70BC 69.31AB  

             LSD              T=0.8362       W=1.4551       TW=3.1406  
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Fig.   16: Effect of different rootstocks on free radical scavenging activity of peach 

      fruit cv.‘Flordaking’ during the years 2008 and 2009 stored at 0 ±0.3 ºC. 

      Vertical bars indicate ± SE of the means. 
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 fruit of trees grafted on GF-677 rootstock followed by PL rootstock during storage 

period. Least FRSA (66.81) was noted in fruit of trees grafted on SL rootstock. 

Weekly intervals means indicate that FRSA increased during first three weeks then 

it decreased during last two weeks of storage period (Fig. 16). 

  Besides other quality attributes FRSA is also another authentic stick 

yard to measure fruit quality. In another words fruit antioxidant capability depicts a 

good measurement of fruit dietary worth (Wang et al., 1996). Antioxidants are 

believed to scavenge free radicals produced during reactive oxygen species (ROS) 

activity. Fruits contain increased FRSA because of their affluence in antioxidants 

which includes polyphenolics and vitamins and these are involved in free radical 

scavenging activities. However, the antioxidant activity may differ cultivar to 

cultivar and species to species (Award et al., 2001; Kondo et al., 2005). The results 

of our study indicate peach fruit of trees grafted on GF-677 rootstocks had 

significantly highest FRSA compared with SL rootstock during five week storage 

period for both years. Thus, we find significant effects of rootstocks on the FRSA 

of peach fruit cv. ‘Flordaking’. The interaction between rootstocks and storage 

period showed significant effects on FRSA of all rootstocks during both years. 

Harvested fruits from GF-677 rootstock had high antioxidant activity (Giorgi et al., 

2005). In agreement to our findings some other researchers stated that peach fruit 

antioxidant activity was dependent on rootstock type and cultivar, fruit maturity 

stage and postharvest storage conditions, mineral contents, sugars and organic acids 

(Di Vaio et al., 2001; Forlani et al., 2003; Scalzo et al., 2005; Kubota et al., 2001; 

Giorgi et al., 2005).   
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2.7 CONCLUSION 

 Peach rootstock GF-677 showed its significance for increased TCSA and 

No. of fruit per tree, uptake of nitrogen, phosphorus, iron, zinc and manganese than 

PL and SL rootstocks. A higher yield per tree was noted in trees on GF-677 

rootstock however, statistically it remained at par with trees on PL rootstock. Yield 

efficiency was significantly higher in trees on SL rootstock. During storage of 

peach fruits from all three rootstocks, fruits on trees of rootstock GF-677 showed 

highest L* and lowest a* values for skin, less weight losses, higher firmness, 

decreased SSC and higher TA. Free radicals scavenging activity and ascorbic acid 

content were also found higher in fruits of GF-677 rootstock compared with PL and 

SL rootstocks during five week storage intervals. 
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Chapter 3 

 

EFFECT OF SALICYLIC ACID TREATMENTS ON STORAGE 
LIFE OF PEACH FRUIT CV. ‘FLORDAKING’ 

 

3.1 ABSTRACT 

In order to determine the effects attributed by postharvest application 

salicylic acid (SA) on postharvest life and quality of peach fruits during cold storage, 

four different concentrations (0.5, 1.0, 1.5 or 2.0 mmol) were applied to the peach 

fruits harvested from cultivar ‘Flordaking’. Fruits harvested at commercial maturity 

from a commercial orchard brought to postharvest laboratory, washed, dipped for 

five minutes in SA solutions and stored at 0 ºC with 90% RH on the same day for a 

period of five weeks. Weight losses, fruit skin color (L*, a*, b*, C* and h°), fruit 

firmness, soluble solids content, titratable acidity (TA), SSC:TA ratio, fruit pH, 

sugars (total and reducing sugars), ascorbic acid (vitamin C), free radical scavenging 

activity, superoxide dismutase, catalase, peroxidase, total phenolics, polyphenol 

oxidase activity, electrolyte leakage and sensory evaluation (texture, flavor, taste and 

overall acceptability) were evaluated. Low SA concentrations offered non significant 

affect on quality parameters of peach fruit when compared with control. SA @ 2.0 

mmol significantly exhibited lowered weight losses, high skin luminosity, decreased 

a* values, higher flesh firmness, increased SSC, higher TA contents, contained pH 

increase, higher total sugars and reducing sugars contents compared with other 

treatments including control. SA @ 2.0 mmol showed significantly increased FRSA, 

ascorbic acid, phenolics content and antioxidant enzymes (superoxide dismutase, 
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catalase and peroxidase) activities while, PPO activity and membrane leakage was 

reduced during five weeks of storage. For texture, flavor, taste and overall 

acceptability of peach fruit treated with 2.0 mmol of SA concentration showed 

significant results as compared with other concentrations and non treated fruits 

(control).   

3.2 INTRODUCTION 

 Postharvest peach fruit quality is greatly affected by several pre-and 

postharvest factors. Climacteric peach fruit face critical period after harvest and 

being highly perishable fruit are subjected to rapid deterioration. Generally, the 

magnitude of postharvest losses in fresh fruits and vegetables is extraordinarily 

high resulting in proportionately higher economic losses than that of pre-harvest 

losses (Salunkhe et al., 1991). During postharvest, it becomes necessary to keep 

peach fruit quality intact by using different treatments. Salicylic acid being an 

endogenous growth regulator from phenolic group (Karlidag et al., 2009) has been 

extensively used for quality improvement in a number of crops (Peng and Jiang, 

2006). Literature has impressively argued the role of phenolic compounds such as 

salicylic acid about their influence on physiological or biochemical process 

including ion uptake, membrane permeability, enzymes activity, heat production, 

growth and development (Arberg, 1981). Salicylic acid has been quoted that its 

exogenous treatment carried away from the application surface to the other tissues 

to bring forth its response (Raskin, 1992). SA significantly reduced the quality 

deterioration and chilling injury in peach (Wang et al., 2006), tomato (Ding et al., 

2001), sweet peppers (Fung et al., 2004) and loquat fruits (Cai et al., 2005). Thus, 
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salicylic acid has remarkable ability to maintain the fruit quality during postharvest 

storage life of fruits. 

 Keeping in view the perishable nature of peach fruit and effectiveness of 

postharvest salicylic acid application an experiment was designed to evaluate the 

effects of salicylic acid treatments on postharvest quality parameters like fruit skin 

color, weight loss, firmness, SSC, content of ascorbic acid, total phenolics, free 

radicals scavenging activity, antioxidant enzymes activity and organoleptic 

evaluation.     

3.3 REVIEW OF LITERATURE 

3.3.1 Physiology of Harvested Commodities 

 Physiology of harvested commodities or postharvest physiology is termed 

for living, respiring plant tissues which have been detached from its parent plant. 

The postharvest life and quality of fruits and vegetables are determined by the 

biochemical processes that occur in harvested products (Sanchez-Mata et al., 

2003). In addition, the postharvest life and horticultural commodities quality is 

significantly influenced by the pre-harvest cultural and postharvest handlings (Dole 

and Wilkins, 2005). Once the horticultural commodity is harvested, metabolic 

reactions continuously take place in them to maintain their physiological 

mechanism which results in decrease of their quality and shelf-life. 

 During respiration by harvested commodity heat generated which results in 

higher temperature, disturbing metabolic process and speeding up deterioration 

(Holdsworth, 1988). During postharvest life of a produce, temperature decreases, 

rate of metabolism lowers which prolongs shelf-life. Furthermore, storage at low 
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temperature results in reduced respiration and water losses from surface of the 

commodity. Fruits and vegetables after harvesting deteriorate with ease and 

rapidly, if mishandled during and after harvesting and transportation then their 

quality will be lost. These losses in developing countries are reported by many 

authers up to 50%. Therefore, reduction in losses may have great importance for 

producers as well as consumers (Maria, 2007). 

 Changes occuring during the process of ripening include softeness, change 

in color, sugars, flavor and aroma. Stored fruits and vegetables are still alive and 

they require a condition that delays maturation which preserves commodity 

appearance, color, texture, taste and aroma along with other qualities. Postharvest 

quality of horticultural produce is not possible to enhance but it can be kept intact 

up to a certain period and this is a main concept in horticultural produce storage.  

 Adequate postharvest technology development is necessary for quality 

maintenance of fruits and vegetables. Therefore, research on fruit physiology and 

postharvest technology are highly correlated to each other for successful storage 

and preservation. Fruit physiology studies, regarding their preservation should be 

conducted on trial basis since there will be no specific guiding principles for 

optimum storage conditions for exclusively one horticultural produce. It is because 

of proportional rates of physiological and biochemical changes taking place in a 

produce subject to many aspects. These changes and their rate at which they occur 

fruit may differ cultivar to cultivar, stage of maturity and temperature or because of 

difference in soils and climatic conditions where they are produced (Maria, 2007). 

Generally,  harvested  horticultural  produce  is assessed by their visual look 
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for example color, freshness, magnitude of decay, physiological disorder and 

texture that lets in firmness/softening and water content (Fernando et al., 2004). 

The overall quality condition of fruit or vegetable for instance firmness and 

nutrient, are temperature regulated which result in modification in pace of 

respiration. Horticultural produce handled carefully can decrease harm caused due 

to sharp edgeds of implements, browning inhibiters application, appropriate 

packaging and management of controlled or modified atmosphere (Monica et al., 

2003; Ahvenainen, 1996; Abbott, 1999; Agar et al., 1999; Watada and Qi, 1999). 

3.3.2 Treatments by Dipping of Fruits 

 Fruits surface treatments have been well known to inhibit decay or disease 

emergence in tissues. During harvesting and handling of the produce surface 

dipping of fruits in a solution wash off enzymes and substrates released or oozed 

out from injured cells. Dipping treatments in solution, keep intact fruit from outside 

(surface) and retard infections and deterioration that harmfully influence life and 

quality of a produce. Polyphenol oxidase activity can be retarded by treating fruits 

with acids for example citric or malic acid or by lowering pH or by forming 

(chelating) copper in a produce (Richardson and Hyslop, 1985). 

3.3.3 Salicylic Acid  

 Salicylic acid (SA) is cosmically spread in plant realm (Raskin et al., 1990) 

and included in plant hormones group (Raskin, 1992). It is believed to have varied 

regulative functions in plant metabolism (Popova et al., 1997) and belong to 

diversified group of plant phenolics. Phenolic compounds are well known for 

exerting their effect on biochemical and physiological processes such as membrane 
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permeability, enzymatic activities, flowering, heat production, growth, 

photosynthesis, ion uptake and plant development. In this fashion SA being a 

natural compound, also has role in plant growth regulation (Arberg, 1981). 

Application of salicylic acid or its analogues (acetylsalicylic acid, gentisic acid), on 

leaves of soybean and corn enhanced leaf size and dry mass while plant height and 

root length remained unaffected (Khan et al., 2003). Singh et al. (1993) applied 

salicylic acid to a few ornamental plants which resulted in increased and fast root 

differentiation than control. 

 Texture of the fruit may be refered to mechanical and structural qualities of 

food/fruit and sensory feel by touching or in the oral cavity (Abbott and Harker, 

2003; Sams, 1999). Fruit firmness relates to fruit tissue strength for bearing coerce 

and is part of sensory texture feeling (Esmel, 2005). Harvested peaches become 

soft rapidly due to water-soluble pectin solubilization (Pressy and Avants, 1973) 

and because of this cell wall integrity is deteriorated (Fishman et al., 1993). SA and 

its derivatives are widely in use to enhance fruits postharvest life by controlling 

their firmness. Salicylic acid has been documented to enhance flesh firmness of 

harvested peaches during storage (Wang et al., 2006; Li and Han, 1999; Yan et al., 

1998) and banana fruits during ripening (Srivastava and Dwivedi, 2000). Delayed 

ripening and senescence was observed in fruits treted with salicylic acid, in which 

SA suppresses LOX (lipoxygenase) activity by reducing ethylene production rate 

(Xu et al., 2000) thus delaying softening and senescence. There are evidences in 

the literature that SA-induced effects superoxide anion (O2ˉ) and hydrogen 

peroxide (H2O2) (Chen et al., 1993; Minibayeva et al., 2001) and superoxide 

dusmautase (SOD), peroxidase (POD) and catalase activity which are engaged in 
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the utilization of reactive oxygen species (Janda et al., 1999; Senaratna et al., 2000; 

Kang and Saltveit, 2002). Peach fruit treated with salicylic acid had increased SOD 

(Tian et al., 2007), catalase in sugar apple fruits (Mo et al., 2008) and POD 

activities (Han et al., 2003). 

3.3.4 Cell Membrane Leakages 

 Cell membrane is responsible for exchange of metabolites and ions of 

nutrient and hold water content which maintain cell compartments. It is well 

understood that an organism is totally reliant on integrity of the structure and 

membranes functionality for its survival (Rubinstein, 2000). Electrolyte leakage 

from cells is generally taken as damage to the membranes of plant cell (Xuetong 

and Kimberly, 2005). These electrolytes are contained within the membrane of 

plant cells and are highly sensitive to environmental stress including chilling, 

freezing conditions. The tissues of plants exposed to low or extremely low 

temperatures decrease enzymes activities, photosynthetic capability and change 

metabolism (Dubey, 1997). Electrolytes maintained within the membrane in case of 

no stress and damage. If tissues are measured with high conductivity then it will be 

considered as leakages from interacellular ion which indicate damages to 

membrane (Ade-Omowaye et al., 2003). When the cells are exposed to stresses or 

damage then electrolytes ooz out in the surroundings of other tissue. Cells strength 

or injury may be estimated by comparing the difference in conductivity of leaked 

contents from damaged or undamaged tissues in water (McNabb and Takahashi, 

2000). In plants cell membrane, theses leakages due to injury or stress are 

frequently caused by increased permeableness and departure of integrity (Campos 
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et al., 2003). Feng et al. (2005) documented that during horticultural produce 

storage, there might be possibility of cell plasma membrane likely to become 

unstable and as a result cause electrolyte leakages. 

 Water content and its solute concentration present inside cells are 

accountable for the maintenance of water potential (Halevy and Mayak, 1981). In 

case of damage to cells, leakage of solutes negatively affects water equilibrium 

both from in and outside the cell (Halevy and Mayak, 1981; Borochov and 

Woodson, 1989; Torre et al., 1999). Cell membranes deterioration plays an 

important role in senescence on set reported by earlier researchers (Adam et al., 

1983; Borochov and Woodson, 1989; Itzhaki et al., 1990). Structural integrity loss 

and function of cell membranes is due to several molecular and biochemical 

changes (Rubinstein, 2000; Paliyath and Droilldard, 1992). Cell membrane 

disruption is described as membrane permeability loss which is accounted for the 

enhancement of leakage of solute from cells. The fluidness of membrane and its 

microviscosity influences several changes in permeability of cell membranes 

(Borochov and Woodson, 1989; Itzhaki et al., 1990; Torre et al., 1999; Rubinstein, 

2000).  

 The desolation of cells membrane has main function in the senescence 

processes. During cell membrane disruption many physiological changes occur 

which at last lead to senescence. These changes results in enhanced rate of 

ethylene, increased content of abscissic acid, lower intake of sucrose and lesser 

activities of ATPase (Itzhaki et al., 1990). A progressive aging occur when 

senescence of plant tissues or at a steady rate membranes integrity devastation and 
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decompartmentation of cytoplasmic organelles take place alongwith an increase in 

plasma lemma permeability (Thompson, 1988). 

 Electrolyte leakage is an index of indirect measurement of plant cells 

membrane damages (Xuetong and Kimberly, 2005). Monya et al. (1994) described 

electrolyte leakage convenient and efficient maturity index tool which could be 

used as storage quality parameter indicator. Electrolyte leakage can be minimized 

or reduced by using different chemicals as studied by many scients and found 

feective. Salicylic acid pre treatment that is grain soaking in 1 mM SA solution 

before sowing which decreased barley seedlings electrolyte leakage under salt 

stress condition as reported by El-Tayeb (2005). Similrlly, hydroponically grown 

young maize plants supplied growth solution with salicylic acid (0.5 mmol) 

demonstrated significant decrease in electrolyte leakage (Janda et al., 1997, 1999).    

  3.4 MATERIALS AND METHODS 

 The present study was conducted at the Post Harvest Laboratory of 

Department of Horticulture, Pir Mehar Ali Shah, Arid Agriculture University 

Rawalpindi. Peach (Prunus persica L. Batsch) fruit of cv. ‘Flordaking’ engrafted 

on wild rootstock hand harvested from Sangral Fruit Farm (33˚ 50’ 51.08” N 

latitude and 72˚ 26’ 20.75” E longitude) at Madrotta district Attock. Fruits were 

harvested at commercial mature stage (SSC 8.87 and 9.13; N 72.86 and 69.76 

respectively for the years 2009 and 2010). The handpicked fruits were kept in 

shade to remove field heat then immediately shifted to our laboratory in an air 

conditioned vehicle. Peach fruit was sorted and over or under ripened, bruised and 

damaged fruits were disposed off. Distilled water was used to wash away any 
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residual material or dust from the surface of selected fruits. A total of 1,260 

uniform size fruits were selected and divided into two lots. First lot was consisted 

of 1,125 fruits and second lot was of 135 peach fruits and the both lots were further 

divided in to five groups. Each group represented each treatment of the experiment 

as followed: 

i- Control (untreated/dipped in distilled water) 

ii- Salicylic acid @ 1.0 mmol L-1 

iii- Salicylic acid @ 2.0 mmol L-1 

iv- Salicylic acid @ 3.0 mmol L-1 

v- Salicylic acid @ 4.0 mmol L-1 

Then each group was dipped in their respective aqueous concentrations of 

salicylic acid (0.5, 1.0, 1.5 or 2.0 mmol L-1) for five minutes and laid spread on 

paper to dry out the excess water from the fruit surface at room temperature (21 ±2 

°C). Peach fruits dipped in distilled water for the same time served as control.  

 Treated fruits of first lot were placed in corrugated carton boxes in layers 

touching each other. Each carton box was marked as per treatment and placed in 

cold store at 0 ±0.3 ºC, 90 ±4% RH for five weeks. Twelve fruits were randomly 

sampled from each replication of all treatments on day zero and at each sampling 

week (1 to 5th week) during storage period. These peach fruits were used to analyze 

parameters like fruit firmness, SSC, pH, titratable acidity, sugars (total and 

reducing),  ascorbic acid content  of fruit  and  relative  electrical conductivity. Data 
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was recorded to determine the effect of different concentrations of salicylic acid.  

After cutting into small pieces a number of composite samples of (5g) from 

five randomly selected peach fruits were wrapped in aluminum foil and dipped in 

liquid nitrogen to freeze the physiological processes. These samples were kept in 

Ultra Low freezer below -50 ºC for free radical scavenging activity, enzymatic 

activity and total phenolics content of fruit assays. These samplings were done 

from lot first on each sampling day. 

Second lot of 135 fruits was kept separately for fruit weight loss and 

measurements of changes in skin color. These were also divided into five groups 

(according to the treatments) and each group consisted of three replicates. Every 

replicate having nine fruits were numbered (1-9) and kept intact throughout the 

experiment with previous lot in the same cold store. 

Materials and methods already been explained in section 2.4 was used for 

below mentioned parameters as affected by different concentrations of salicylic 

acid. 

o Fruit Weight Loss 

o Fruit Skin Color (L*, a*, b*, C* and hº) 

o Fruit Firmness 

o Soluble Solids Content  

o Titratable Acidity 
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o Soluble Solids Content and Titratable Acidity Ratio (SSC:TA) 

o pH of Fruit 

o Sugars 

 Total sugars 

 Reducing sugars 

 Non-reducing sugars 

o Ascorbic Acid Content  

o Free Radical scavenging activity  

3.4.1  Preparation of Cell Free Extracts for Enzymatic Assays 

Cell free extracts for enzymatic assays were prepared as mentioned by 

Abbasi et al. (1998) with slight modification. A composite sample (5g) from peach 

fruits (already stored in Ultra low freezer) collected from each replicate of every 

treatment was ground with the help of a mortar and pestle. Then the ground tissues 

were suspended in 15 mL of 100 mM KPO4 buffer having pH 7.8 containing 0.5% 

volume by volume Triton ×-100 and 1 g polyvinylpolypyrrolidone (PVPP). The 

centrifugation of same material (homogenate) was carried out at 18,000 x g for 30 

mins. at 4 ºC. From this obtained supernatant was kept in Ultra Low at –50 ºC. 

3.4.1.1 Superoxide dismutase activity 

 Superoxide dismutase activities were recorded following as mentioned by 

Abbasi et al. (1998). NBT (nitro blue tetrazolium) photochemical reductionl was 
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measured from with the help of two sets of cuvettes containing (0, 50, 100, 200 or 

300 µL) enzyme extract. Further in the same reaction cuvettes 13 mM Methionine, 

75 M NBT, 0.1 mM EDTA, 2 M riboflavin substrate was added. The final 

volume of each reaction mixtures was made up (3 mL) by adding (50 mM) 

phosphate buffer at pH 7.8. Five cuvettes set from the two sets was placed under a 

bank of fluorescent light (six 40W lamps) for 10 minutes while the other five 

cuvettes set was placed in a gloomy box for the purpose of control.  The 

absorbance readings of illuminated cuvettes were read along with their respective 

cuvettes kept in dark at 560 nm with the help of a spectrophotometer of Optima® 

3000 plus. The anount of enzyme which is defined as one unit of SOD is defined 

which inhibits NBT activity of photo reduction by 50% under assay condition. The 

resultants were expressed as superoxide dismutase unit g-1 protein. 

3.4.1.2 Catalase activity 

 For the determination of catalase activity of peach fruit was ascertained by 

the method as described by Abbasi et al. (1998). To accomplish the reaction buffer 

solutions, one (Buffer A) was prepared by adding 2.9 mL, 15 M KPO4 buffer at pH 

7.0 in a cuvette as the other solution two (Buffer B) was made by adding 2.9 mL of 

12.5 mM H2O2 in 15 M KPO4  buffer (pH 7.0) in another cuvette. Two cuvettes 

were separately filled with 100 µL of enzyme extract. Further to this the two 

cuvettes were palced in gloomy box. The optical densities at 240 nm of these 

cuvettes were noted at 45 and 60 seconds and this time was noted when the 

cuvettes were added with extract. The optical density difference at 45 and 60 

seconds intervals was recorded using a spectrophotometer of Optima® 3000 plus 
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and the readings were used to compute the catalase activity. The resultants were 

expressed as catalase unit g-1 protein. 

3.4.1.3 Peroxidase activity 

 Peroxidase activity of peach fruit was determined as described by Abbasi e. 

al. (1998) with slight modification. The reaction mixture was consisted of 1.7 mL, 

15 mM NaKPO4 buffer (pH 6.0). The two substrates, which consisted of 500 µL 

0.1 mM guaiacol and 500 µL 1 mM H2O2 and 300 µL enzymes extract in a 3 mL 

cuvette. Peroxidase activities were noted for OD change (optical density) over a 3 

minutes time at 470 nm and the resultants were expressed as unit g-1 protein. 

3.4.1.4 Polyphenol oxidase activity 

 The Polyphenol oxidase activities were assayed according to Abbasi et al. 

(1998). The oxidation of catechol was assayed. Total volume of 3 mL reaction 

mixture contained 2.5 mL of sodium citrate (0.1 Molar) buffer at pH 5.0, 300 µL of 

cattechol (0.02 Molar) already prepared in sodium citrate buffer and 200 µL 

enzymes. PPO activity was noted with the help of spectrophotometer (Optima® 

3000 plus). Changes in OD over a 3 minutes time were noted at 420 nm. 

Polyphenol oxidase readings were expressed as ΔOD min-1 g-1 protein. 

3.4.2 Protein determination 

 Total protein determination assay of fruit skin and pulp tissues was 

ascertained as mentioned by Bradford (1976) and bovine serum albumin was used 

standard purpose. The protein determination procedure is established on the the basis 

of the capacity of proteins to bind Coomassie Brilliant Blue G-250 (dye). For the 
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purpose of preparing protein reagent a 100 mg of Coomassie Brilliant Blue G-250 in 

50 mL ethanol (95%) and 100 mL phosphoric acid (85%) and diluted with water 

(distilled) and volume was made up to 1,000 mL. For determining the protein 

concentration in peach fruits, 100 µL of supernatant was added in 5 mL of protein 

reagent. Optical density (OD) was noted against reagent (blank) 0.1 mL buffer and 5 

mL protein reagent at 595 nm. The resultants were expressed as mg protein g-1 FW. 

 For standard curve a standard solution (Bovine Serum Albumin) (1 mg/mL) 

was prepared for the determination of protein concentrations in peach fruit samples. 

Protein solutions of 10-100 µg and 5 mL protein reagent were taken to draw a 

protein standard curve against the corresponding absorbance. Absorbance was noted 

at 595 nm after 2 mins. in cuvettes (3 mL) against reagent blank  containing 0.1 mL 

buffer + 5 mL protein reagent). The resultants were expressed as mg protein g-1 FW. 

3.4.3  Total phenolics content 

 Peach fruit juice was used to determine total phenolics content with Folin-

Ciocalteu reagent (Slinkard and Singleton, 1977) according to Piga et al. (2003). 

Each composite sample (5g) from five different peach fruits per replication of each 

treatment was homogenized.  The same was subjected to centrifuge at 4,000 x g for 

15 minutes followed by filtration. A sample of 1 mL from same extract, 5 mL 

Folin-Ciocalteu reagent, 10 mL of 7 percent Na2CO3 solution and distilled water 

was added after one hour incubation, the absorbance was recorded against the blank 

containing reagent at 760 nm. All treatments were replicated thrice thus conducted 

three times. Gallic acid standard solution was used to draw a standard curve for 

total phenolics content. For standard calibration gallic acid solution (0-100 mg/L) 
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was employed and run as per above procedure. The resultants were expressed in 

mg of gallic acid equivalents (GAE) per 100 g of dry matter and were computed 

using following formula: 

     C = c. V/m 

Where: C = total content of phenolics compound mg per g plant extract in GAE 

 c = the concentration of gallic acid established from the calibration curve  

       mg/mL 

 V = the volume of extract (mL) 

 m = the weight of fruit pulp (g) 

3.4.4 Membrane leakage 

 Membrane leakage was determined according to Fan and Sokorai (2005). 

Pieces of fruit flesh were excised from nine different peaches of each replication of 

all treatments were excised and kept in flat-bottomed flasks. The pieces were of 

excised with the help of a 10 mm diameter stainless steel cork borer. The same 

discs were washed with distilled water, let dried and put in to flat bottomed flasks 

(100 mL) contains distilled water (50 mL). Electrolyte leak as readings were 

initially recorded with the help of an EC meter (Orion 420A+ Thermo Electron 

Corp., USA). First readings were noted at 1 minute (C 60) of incubation. Then the 

same flasks contains the samples were sterilized in an autoclave for 25 mins at 121 

°C. Flasks were left at room temperature to let them cool and the volume of same 

was maintained 50 mL with DW. Then bathing solution’s total conductivity was 
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recorded. Resultants relative electrical conductivity (%) was computed using 

following formula: 

   REC (%) = (C60 – C1) / CT x 100 

3.4.5 Sensory Evaluation 

 Sensory evaluation of peach fruit was carried out on first day and at weekly 

intervals according to the method described by Lawless and Heymann (1998). A 

panel comprised of eleven trained judges assessed the fruits for sensory evaluation 

parameters like texture, flavor and taste. The overall acceptability of all treatments 

was calculated from averae of texture, flavor and taste. 

3.5  STATISTICAL ANALYSIS  

Complete randomized design (CRD) was statistical design with factorial 

arrangement. Data was statistically analyzed by using analysis of variances 

(ANOVA) techniques for the validness of analysis while Duncan’s multiple range 

test was used for means separation (Steel et al. 1997). MSTAT-C software 

(Michigan State University, 1991) was used for statistical analysis. For significant 

difference, a probability (p) of less than 0.05 considered. All the parameters were 

replicated thrice and same experiment was repeated following year.  

3.6 RESULTS AND DISCUSSION 

3.6.1 Effect of Salicylic acid on Weight Loss 

Treatment means for percent weight loss in peach fruit cv. ‘Flordaking’ 

show   highly   significant   differences   among   the  results   for   the   year   2008  
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Table 19.1: Effect of different concentrations of salicylic acid on percent weight  

         loss of peach  fruit cv.  ‘Flordaking’  stored  at 0 ±0.3 ºC during the  

                    year 2009.   

 

           

 

Table 19.2: Effect of different concentrations of salicylic acid on percent weight  

        loss  of peach  fruit  cv.‘Flordaking’  stored  at  0 ±0.3 ºC during the  

                   year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment   
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             0.00p 3.31l-o 5.88ghi 8.23ef 15.82bc 24.60a 9.64A 

SA 0.5 mmol     0.00p 3.01l-o 4.38i-n 5.59hij 11.36d 17.53b 6.98B 

SA 1.0 mmol     
0.00p 2.84mno 4.56h-m 6.37fgh 10.82d 16.79bc 6.90B 

SA 1.5 mmol  
0.00p 2.46no 3.75j-o 5.37h-k 9.61de 15.75bc 6.15C 

SA 2.0 mmol     
0.00p 2.29o 3.50k-o 4.91h-l 7.79efg 14.91c 5.57D 

Means** 0.00 F 2.78E 4.41D 6.09C 11.08B 17.92A 
 

                  LSD                  T=0.5803     W=0.6652     TW=1.9854 

Treatment   
Storage period (weeks)  

   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             0.00l 4.47h-k 7.81g 11.32f 19.61b 28.41a 11.93A 

SA 0.5 mmol     0.00l 3.32jk 4.23h-k 7.21g 13.90e 19.90b 8.09B 

SA 1.0 mmol     0.00l 2.71k 4.01ijk 6.75gh 14.02de 19.88b 7.89B 

SA 1.5 mmol  0.00l 2.51kl 3.21jk 6.41ghi 12.34ef 18.23bc 7.12C 

SA 2.0 mmol     0.00l 2.36kl 2.71k 5.55g-j 10.96f 16.55cd 6.35D 

Means** 0.00F 3.07E 4.39D 7.45C 14.16B 20.59A 
 

                 LSD                 T=0.7434     W=0.8523     TW=2.5436 
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Fig.   17: Effect of different concentrations of salicylic acid on % weight loss of   

     peach  fruit ‘Flordaking’  during  the  years 2009 and 2010 stored at 0  

     ±0.3 ºC. Vertical bars indicate ± SE of means. 
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 (Table 19.1). Salicylic acid (SA) 2.0 mmol was recorded with significantly lowest 

fruit weight losses (5.57%) compared with control fruits. Maximum fruit weight 

losses (9.64%) were observed in control during five week storage period. All the 

treated fruits significantly maintained more fruit weight in comparison with control. 

Data regarding weekly intervals for fruit weight loss revealed a continual increase 

in peach fruit throughout the experiment (Fig. 17). Highest weight loss was 

observed in control during week five while least weight losses were observed in 

fruits treated with 2.0 mmol SA.  

During the year 2009, least weight losses (6.35%) were observed in fruits 

treated with 2.0 mmol SA while control fruits were recorded with higher weight 

losses (11.93%) during five week storage period (Table 19.2). A continued increase 

in weight losses of fruit was rcorded in all the treatments throughout storage period 

(Fig. 17). Maximum weight loss was registered by control fruits during week five. 

Highest SA concentration (2.0 mmol) performed best among all the concentrations 

including control by maintaining more fruit weight until ending stage of storage 

period during both years.   

Fruit weight losses are known for most significant physiological disorder 

during postharvest life. It is mainly regulated by fruit respiration, transpiration and 

metabolic activities. According to Wolucka et al. (2005) salicylic acid being an 

electron donor, generates free radicals which cause hindrance in normal respiration 

resulting in lower weight loss in fruits. By closing stoma SA could suppress 

respiration rate and minimize weight loss of fruit (Manthe et al., 1992; Zheng and 

Zhang, 2004). Strawberry fruits showed less fruit weight loss than control when 
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salicylic acid was supplied with nutrients (Shafiee et al., 2010). It was also revealed 

in the same study that postharvest SA application had significant effects regarding 

containing fruit weight losses. Babalar et al. (2007) reported that 2.0 mmol L-1 of 

salicylic acid concentration had significant effects on the overall quality of 

strawberry fruit during postharvest stage. Current experiment also showed similar 

trend pertaining to SA postharvest treatments with least percent weight loss 

recorded in highest SA (2.0 mmol L-1) concentration as compared with ther 

treatments and control. Abbasi et al. (2010) reported their findings that peach fruits 

cv. ‘Delicia’ exhibited higher fruit weight after treatment of SA. Similar results 

have also been reported by several other researchers that specific SA concentration 

reduced respiration rates in plants and at postharvest stage of fruits (Han et al., 

2003; Srivastava and Dwivedi, 2000; Wolucka et al., 2005). Other SA 

concentrations had also affected peach fruit weight losses during five week storage 

period. Our results show greater losses in fruit weight of non treated peach fruits 

(control), whereas salicylic acid concentrations demonstrated more fruit weight 

during storage period. Thus, SA might have slowed down the metabolic activities that lead 

to less respiration, transpiration and ethylene production resulting in contained weight 

losses of peach fruits.  

3.6.2 Effect of Salicylic Acid on Fruit Skin Lightness (L*) values  

Skin color of peach fruit cv. ‘Flordaking’ was significantly affected by 

different concentrations  of SA  during  five  week  storage  period  for  the  year  

2008. Highest lightness (L*) value (34.69) was recorded for peach fruit skin treated 

with 1.5 mmol L-1 SA (Table 20.1) compared with other treatments. Lowest L* 

values (33.59) were found in control fruits. The interaction between treatments and 
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Table 20.1: Effect of different concentrations of salicylic acid on skin lightness   

         (L*) of peach  fruit cv. ‘Flordaking’ stored  at 0 ±0.3 ºC during the  

                    year 2009. 

  

 

Table 20.2: Effect of different concentrations of salicylic acid on skin lightness    

        (L*) of peach  fruit cv. ‘Flordaking’  stored at 0 ±0.3 ºC  during the  

                   year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

 

Treatment  
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             35.93ab 35.87ab 34.57abc 32.64b-e 32.64b-e 29.92e 33.59C 

SA 0.5 mmol     35.71ab 35.62ab 35.59ab 35.17abc 34.94abc 30.19de 34.54BC 

SA 1.0 mmol     35.99ab 35.97ab 35.77ab 35.67ab 35.52ab 31.08de 35.00AB 

SA 1.5 mmol  36.76a 36.67a 36.41a 36.03a 35.78ab 31.89cde 35.59A 

SA 2.0 mmol     36.34a 36.55a 36.34a 36.14a 36.01a 33.40a-d 35.80A 

Means** 36.14A 36.14A 35.73AB 35.13AB 34.98B 31.29C  

                  LSD                 T=0.9846     W=1.1288     TW=3.3688   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             35.24a-d 36.45a 32.46a-g 28.88f-j 26.56hij 25.03j 30.77D 

SA 0.5 mmol     35.39abc 36.15a 34.94a-d 30.20e-h 28.60g-j 25.80ij 31.84CD 

SA 1.0 mmol     36.12a 36.15a 35.60ab 31.33d-g 29.50f-i 26.33hij 32.50BC 

SA 1.5 mmol  35.57ab 35.33a-d 36.03a 35.20a-d 34.10a-e 31.90b-g 34.69A 

SA 2.0 mmol     35.62ab 35.88ab 35.74ab 32.88a-f 31.46c-g 29.63f-i 33.53AB 

Means** 35.59A  35.99A 34.95A 31.70B 30.04C 27.74D  

                 LSD                  T=1.1835     W=1.3568     TW=4.0493   
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Fig.   18: Effect of different concentrations of salicylic acid on L*  values  of  peach 

      fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at 0 ±0.3ºC. 

      Vertical bars indicate ± SE of the means. 
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 weekly intervals show that L* values remained higher during first two weeks then 

the same started decreasing continually until last week of the experiment (Fig. 18). 

Results for the year 2009 showed that increased L* values (35.80) were 

noted in 2.0 mmol L-1 SA compared with control (Table 20.2). During five week 

storage period control had lowest average L* values (33.59) compared with SA 

concentrations. Highest SA concentrations remained at par for lightness (p < 0.05). 

Average means for weekly intervals reveal a continual declining trend in L* of 

peach fruit cv. ‘Flordaking’ throughout the experiment period (Fig. 18).   

It is a common practice that peaches are harvested on the basis of ground 

color, and consumers are also attracted by its red and yellow skin. Salunkhe and 

Kadam (1995) and Seymour et al. (1993) reported that anthocyanins are the main 

red pigments that present in the vacuoles of peach skin cells. Fruit color can be 

regulated by use of edible chemicals (Tasneem, 2004). Hernandez-Munoz et al. 

(2006) reported that Ca solution showed increased lightness (L*) of fruit skin. 

Peach fruits on the markets are often seen with deep color but not matching with 

actual ripeness (Vaio et al., 2008; Alvoine et al., 1988; Hunter, 1975). 

Effects of SA different concentrations on the changes in peach fruit skin 

color attributes such as L*, a*, b*, C* (chroma) and hº (hue angle) were 

determined. In sequence, first of all for discussion L* (lightness) in peach fruit skin 

was recorded higher in 1.5 mmol L-1 SA treated fruits followed by 2.0 mmol L-1 SA 

treated fruits as compared with control. These SA treated fruits appeared brighter 

than rest of the treatments. Least values of L* were noted in the skin of control 

fruits which caused dark appearance of the fruits. This may be due to color 
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saturation caused by more transpiration from fruit which is evident from percent 

weight loss parameter of this study. Increased L* values in SA treated fruits may be 

in result of decreased chlorophyll degradation and reduced fruit weight losses 

during storage period. Strawberry plants sprayed with SA had significant effects on 

strawberry fruits skin color during both years (Karlidag, 2009; Bablar et al., 2007).  

3.6.3  Effect of Salicylic Acid on Fruit Skin Blush Color (a*) Values 

Average means of treatments for a* (+ redness - green) of fruit skin was 

recorded with highly significant differences among the treatments for the year 2008 

(Table 21.1).  Most red color (a*) was found in the skin of control fruits (26.25) 

during five week storage period. While least changes for a* (20.61) were noted in 

skin of peach fruits treated with 1.5 mmol L-1 SA compared with rest of the 

treatments. Highest SA (1.5 or 2.0 mmol L-1) concentrations were found non 

significant (p < 0.05). Weekly interval means show that a* values increased on 

week one then slightly decreased on week two and again an increase was observed 

for rest of storage period (Fig. 19).  

Peach fruit cv. ‘Flordaking’ skin color (a*) was significantly affected by SA 

treatments during five week storage for the year 2009 (Table 21.2). Skin of control 

fruits obtained maximum a* (26.75) compared with 2.0 mmol L-1 SA during 

storage period. Minimum red color (20.02) was recorded in 2.0 mmol L-1 SA. 

Unlike year one results, means for weekly intervals reveal a* decreased during first 

two weeks then it increased on week three afterwards it decreased till fourth week 

and again increased at the end of  experiment  while control remained stable during 

both these last weeks (Fig. 19). 
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Table 21.1: Effect of different concentrations of salicylic acid on skin blush a*)  

                    of  peach fruit cv. ‘Flordaking’  stored at 0 ±0.3 ºC during the year  

         2009. 

 

 

 

Table 21.2: Effect of different concentrations of salicylic acid on skin blush (a*)  

                    of  peach  fruit cv. ‘Flordaking’  stored  at 0 ±0.3 ºC during the year            

         2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             22.48bcd 24.81abc 25.50ab 27.69a 28.29a 28.74a 26.25A  

SA 0.5 mmol     22.21bcd 22.88bcd 22.32bcd 21.72bcd 21.88bcd 22.62bcd 22.27B 

SA 1.0 mmol     22.08bcd 21.66bcd 21.43cd 21.70bcd 22.23bcd 23.14bcd 22.04B 

SA 1.5 mmol  20.59d 20.52d 19.81d 19.91d 20.73d 22.12bcd 20.61C 

SA 2.0 mmol     21.07cd 21.15cd 20.94cd 20.54d 21.53bcd 22.71bcd 21.32BC 

Means** 21.69B 22.20B 22.00B 22.31B 22.93AB 23.86A  

                LSD                  T=1.1850     W=1.3585     TW=4.0545   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             22.40c-f 23.97bc 25.13a 29.22a 28.11ab 31.65a 26.75A  

SA 0.5 mmol     22.22c-f 23.43cde 21.09d-g 22.37c-f 20.41d-g 21.84c-g 21.89B 

SA 1.0 mmol     22.46c-f 21.33d-g 21.09d-g 22.00c-g 19.68fg 21.38d-g 21.32BC 

SA 1.5 mmol  22.18c-f 20.05efg 19.88efg 21.52c-g 19.40fg 20.02efg 20.51CD 

SA 2.0 mmol     22.50c-f 19.93efg 19.68fg 20.70d-g 18.87fg 18.46g 20.02D 

Means** 22.35A 21.74BC 21.37C 22.16A 21.29C 22.67AB  

                 LSD                 T=1.0756     W=1.2332     TW=3.6803   
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Fig.   19: Effect of different concentrations of salicylic acid on a* of peach fruit  

    cv. ‘Flordaking’ during  the  years  2009 and 2010 stored at 0 ±0.3 ºC.  

     Vertical bars indicate ± SE of the means. 
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In this study redness (a*) in the skin of peach fruit cv. ‘Flordaking’ was 

recorded with significant changes for SA treatments during both years storage 

period. Decreased red (a*) values were recorded in higher SA concentrations 

treated fruits compared with lower concentrations and non SA treated fruits 

(control). Control fruits had highly red colored fruits during storage period. This 

may be attributed to rapid degradation of chlorophyll or biosynthesis of 

anthocyanins in control fruits skin. Vicente et al. (2002) has described that 

increased a* (redness) in strawberry fruits is an indication of senescence. Fruit 

redness (a*) is significantly correlated with anthocyanin concentration (Shafiee et 

al., 2010). This hypothesis is also supported by other quality parameters like 

reduced firmness, TA, or higher pH in control fruits of this study. It has been 

documented that the softening commencement in peaches is the sign of increasing 

of red color (Amoros et al., 1989). In agreement to our results Shafiee et al. (2010) 

also reported that salicylic acid treated strawberry fruits exhibited less a* values. 

The redness (a*) was significantly reduced by all MeSA (a derivative of SA) 

concentrations in tomato fruits (Ding and Wang, 2003). Means for weekly intervals 

depicted a fluttered trend for redness in peach fruit skin.  

3.6.4 Effect of Salicylic Acid on Fruit Skin Ground Color (b*) Values 

The b* (+ yellow - blue) values were found significantly different among all 

the treatments for the year 2009 (Table 22.1). Highest b* values were registered by 

control fruits compared with SA concentrations during the year 2009. Peach fruits 

cv. ‘Flordaking’ treated with 2.0 5 mmol L-1 SA were observed for least changes 

for b* (31.95)  during  storage  period.  A non  significant  difference was recorded 
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Table 22.1: Effect of different  concentrations of salicylic acid on skin ground  

                    color (b*) of  peach  fruit ‘Flordaking’ stored at 0 ±0.3 ºC for the  

                    year 2009. 

 

 

Table 22.2: Effect of different concentrations of salicylic acid on skin ground  

                    color (b*)  of peach fruit ‘Flordaking’ stored at 0 ±0.3 ºC for the  

                    year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
 Storage period (weeks)     

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             37.17ab 32.95a-f 32.70b-f 33.06a-f 35.12a-d 35.56abc 34.42A  

SA 0.5 mmol     36.81ab 35.10a-d 32.13c-f 33.83a-f 31.75c-f 30.73def 33.39AB 

SA 1.0 mmol     36.80ab 34.66a-e 31.98c-f 32.23c-f 30.90def 30.56ef 32.85BC 

SA 1.5 mmol  37.29a 34.03a-f 31.31c-f 33.30a-f 30.23ef 30.23ef 32.73BC 

SA 2.0 mmol     36.93ab 31.80c-f 30.98def 31.97c-f 30.51ef 29.51f 31.95C 

Means** 37.00A  33.71B 31.82CD 32.88BC 31.70CD 31.32D  

                 LSD                  T=1.3239     W=1.5178     TW=4.5299   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means*
DW Dip             23.70abc 23.18a-d 22.74a-f 21.77a-h 19.55d-k 18.65g-k 21.60A  

SA 0.5 mmol     24.60a 22.87a-f 22.89a-e 21.53a-h 19.13e-k 18.23h-k 21.54A 

SA 1.0 mmol     24.09ab 22.91a-e 22.88a-e 21.41ai 18.89f-k 18.08h-k 21.37AB 

SA 1.5 mmol  24.04ab 22.57a-g 22.29a-g 20.50b-j 18.27h-k 17.31jk 20.83AB 

SA 2.0 mmol     24.43ab 21.69a-h 21.63a-h 19.86c-k 17.52ijk 16.50k 20.27B 

Means** 24.17A  22.64B 22.49B 21.01C 18.67D 17.75D  

                LSD                 T=1.1656     W=1.3363     TW=3.9881   
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Fig.  20: Effect of different concentrations of salicylic acid on kin ground color (b*) 

    of peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at             

    0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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between 1.5 mmol L-1 and 2.0 mmol L-1 of SA at p < 0.05 level. Average means for 

weekly intervals show in general, decreased b* axis of fruit except week three was 

observed with slight increase then declined to the end of experiment (Fig. 20). 

Average means of treatments revealed that for the year 2009, control fruits 

had higher values for b* (21.60) compared with 2.0 mmol L-1 SA (Table 22.2). 

Higher SA (2.0 mmol L-1) concentration was found with lowest yellow color 

(20.27) in the skin of peach fruit during storage period. Peach fruits received 

treatment of 0.5 mmol L-1 SA and control statistically shared same letter (p < 0.05). 

A constant decrease has been observed for b* in peach fruits skin as the storage 

period progressed (Fig. 20).  

The green color of peach fruits shifts from green to yellow when 

chlorophyll declines and carotenoids starts increasing (Addoms et al., 1930). Effect 

of salicylic acid was observed with significance for b* changes in the skin of peach 

fruits. SA 2.0 mmol L-1 concentration significantly suppressed the changes in b* of 

peach fruit skin compared with control. The most yellow color was found in 

untreated fruits. This may be because of advancement of control fruits towards 

senescence which results in physiological deterioration and quality loss. SA treated 

fruits delayed changes in b* of peach fruits skin while control fruits were found 

with increased b* values (Abbasi et al., 2010). Normally, skin color indices of 

maturity and firmness are linearly opposite to each other (Delwiche and 

Baumgardener, 1983). This has been more simplified by Marini et al. (1991) that 

increase in softening results in increase of yellow and decrease in green 

(chlorophyll). 
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3.6.5 Effect of Salicylic Acid on Fruit Skin Chroma (C*) Values 

The shift of gray color to chroma (C*) in peach fruit cv. ‘Flordaking’ skin 

was recorded highly significant among all the treatments (Table 23.1) for the year 

2008. The highest C* (43.37) show the most chroma intensity or saturation for 

control fruit skin during five week storage period. Higher SA concentrations had 

less changes for C* and were observed statistically at par (p < 0.05). Results for 

weekly intervals indicate that generally, decreasing trend was noted in C* during 

storage period except an increase was observed for week three (Fig. 21).  

The minimum C* values (28.53) were measured in peach fruits received 

treatment of 2.0 mmol L-1 SA as compared with control for the year 2009 (Table 

23.2). Means for treatments show all the SA concentrations remained non 

significant from each other at p < 0.05 level. Results pertaining to weekly intervals 

reveal that C* decreased continually during five week storage period (Fig. 21). 

 The shift of gray or white towards chromatic color is known as chroma 

(McGuire, 1992). Chroma values indicate the magnitude of color intensity or 

saturation. Results of our study show significant differences among SA 

concentrations and control during storage period. Higher SA concentrations treated 

peach fruits had lower C* values as compared with control. While lower SA 

concentrations had less effects on the C* and remained non significant at p < 0.05 

level. Alike outcomes were recorded with lower C* in putrescine treated plums of 

cv. “Black Amber” compared to control during fruit ripening (Khan and Singh, 

2010). The interaction between treatments and weekly intervals show a quivered 

trend for C* during last three weeks of storage period. 
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Table 23.1: Effect of different  concentrations  of salicylic acid on skin chroma  

                     (C*) of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the  

                     year 2009. 

  

 

Table 23.2: Effect of  different concentrations  of salicylic  acid  on  skin  chroma  

         (C*) of  peach  fruit cv. ‘Flordaking’  stored  at 0 ±0.3 ºC  during the  

                    year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test)

Treatment  
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             43.44abc 41.25a-i 41.49a-i 43.19a-d 45.11ab 45.72a 43.37A  

SA 0.5 mmol     43.00a-e 41.900a-h 39.16c-j 40.27c-j 38.58e-j 38.18f-j 40.18B 

SA 1.0 mmol     42.93a-e 40.90b-j 38.50e-j 38.87d-j 38.09f-j 38.33f-j 39.60BC 

SA 1.5 mmol  42.60a-f 39.73c-j 37.07ij 38.81d-j 36.66j 37.46hij 38.72C 

SA 2.0 mmol     42.53a-g 38.20f-j 37.40hij 38.01g-j 37.35hij 37.25ij 38.46C 

Means** 42.90A 40.39B 38.72C 39.83BC 39.16BC 39.39BC  

                LSD                 T=1.3310     W=1.5259     TW=4.5539   

Treatment  
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             32.63a-d 33.37ab 33.90a 33.14abc 30.43a-g 28.58e-i 32.01A  

SA 0.5 mmol     33.15abc 32.74abc 31.15a-f 31.08a-f 27.98e-i 28.46e-i 30.76B 

SA 1.0 mmol     32.94abc 31.31a-e 31.13a-f 30.71a-f 27.30f-i 28.02e-i 30.23BC 

SA 1.5 mmol  32.72abc 30.19a-g 29.88b-g 29.75b-g 26.66ghi 26.47ghi 29.28CD 

SA 2.0 mmol     33.22abc 29.46b-h 29.27c-h 28.70d-i 25.76hi 24.76i 28.53D 

Means** 32.93A 31.41B 31.06B 30.67B 27.62C 27.26C  

                 LSD                 T=1.1641     W=1.3345     TW=3.9828   
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Fig.   21: Effect of different concentrations of salicylic acid on skin chroma (C*) of 

       peach fruit cv. ‘Flordaking’ during  the years 2009 and 2010 stored at             

       0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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3.6.6 Effect of Salicylic Acid on Fruit Skin Hue Angle (h°) Values  

The hue angle (h°) measurement results show that SA concentrations were recorded 

non significant for the year 2008 however, they were significantly different from 

control fruits (Table 24.1). 1.5 mmol L-1 SA treated fruits were measured with 

highest h° (57.69) compared with rest of treatments for five week storage period. 

Least h° (52.69) was recorded in control fruits. Means regarding weekly intervals 

indicate decrease with a brief increase during week four for h° in peach fruit skin 

during storage period (Table 22).  

Data for hue angle were noted with significant difference between SA 

concentrations and control fruits of peach cv. ‘Flordaking’ for the year 2009 (25.2).  

Similar to previous year, this year also 1.5 mmol L-1 SA had maximum h° (45.26) 

compared to all other treatments whereas control was observed with least h° values 

(42.47) during five week storage period. Weekly interval means depict no change 

in h° for first two weeks thereafter it started decreasing till week five (Fig. 22). 

   Measurement of hue (h°) of peach fruit skin was calculated from the a* 

and b* values as mentioned by McGuire (1992). The present study results indicated 

that significant differences were noted for treatments on peach fruit hue angle (h°) 

during storage period for both years. Peach fruits treated with SA 1.5 mmol L-1 

concentration had highest h° values as compared with control fruits whereas no 

significant difference was found within the SA concentrations for both years. Non 

SA treated fruits (control) exhibited least values for h° during storage period. The 

interaction   between   SA   treatments    and  weekly    intervals  reveal   significant 
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Table 24.1: Effect of  different  concentrations  of  salicylic  acid on skin hue  

                    andgle  (h*) of  peach  fruit  cv. ‘Flordaking’ stored at 0 ±0.3 ºC  

                    for the year 2009. 

 

24.2: Effect  of  different  concentrations  of  salicylic  acid  on  skin  hue  

          andgle  (h*)  of  peach fruit cv. ‘Flordaking’  stored  at  0 ±0.3  ºC  

          for the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05          

 (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means*
DW Dip             58.82abc 53.03d-g 52.12efg 50.02g 51.09fg 51.04fg 52.69B 

SA 0.5 mmol     58.90abc 56.91a-e 55.19b-g 57.27a-e 55.39a-g 53.67c-g 56.22A 

SA 1.0 mmol     59.02abc 57.98a-d 56.17a-f 56.01a-f 54.32c-g 52.87d-g 56.06A 

SA 1.5 mmol  61.08a 58.90abc 57.70a-e 59.09abc 55.56a-g 53.79c-g 57.69A 

SA 2.0 mmol     60.29ab 56.34a-f 55.90a-f 57.22a-e 54.81b-g 52.45d-g 56.17A 

Means** 59.62A  56.63B 55.41BC 55.92BC 54.23CD 52.76D  

                 LSD                 T=1.6781     W=1.9238     TW=5.7416   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             46.58a-f 44.04a-f 42.04a-f 41.30b-f 40.07ef 40.79def 42.47B 

SA 0.5 mmol     47.90abc 44.31a-f 47.44a-d 43.91a-f 43.16a-f 39.84f 44.42AB 

SA 1.0 mmol     46.98a-e 47.04a-e 47.34a-d 44.19a-f 43.75a-f 40.14ef 44.91A 

SA 1.5 mmol  47.27a-d 48.41a 48.25ab 43.49a-f 43.26a-f 40.89c-f 45.26A 

SA 2.0 mmol     47.34a-d 47.43a-d 47.75a-d 43.77a-f 42.88a-f 41.79a-f 45.16A 

Means** 47.21A 46.25A 46.56A 43.33B 42.62BC 40.69C  

                 LSD                 T=2.0659     W=2.3684     TW=7.0685   
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Fig. 22: Effect of different concentrations of salicylic acid on skin hue angle (h*) of  

   peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at              

   0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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difference at p < 0.05 level. Khan and Sing (2010) also reported that interactions 

between putrescine and ripening period were significant. 

3.6.7 Effect of Salicylic Acid on Fruit Firmness (N) 

The fruit firmness was significantly maintained high by salicylic acid 

during storage period (Table 25.1) for the year 2008. The lowest fruit softening rate 

was noted in SA 2.0 mmol (6.47 N) whereas highest fruit softening rate was 

recorded in control (5.87 N). The firmness attributes in peach fruits of ‘Flordaking’ 

cultivar was influenced to a great extent by salicylic acid as depicted in Fig. 23. 

Means for weekly intervals reveal that during first two weeks there was little 

difference for fruit firmness among all the treatments then later on they exhibited 

significant difference from each other. No difference was found between 0.5 and 

1.0 mmol of SA concentrations. Despite consistent decrease in fruit firmness of all 

treatments during storage period for both years but still SA concentrations retained 

higher fruit firmness as compared with control.   

For the year 2009, data for fruit firmness show similar results as of previous 

year. Significant differences were recorded for fruit firmness in all treatments 

(Table 25.1). It is evident from the data that SA 2.0 mmol L-1 retained maximum 

fruit firmness (6.51 N) for the year under discussion. Means for fruit firmness 

reveal that minimum fruit firmness was recorded in control (5.69 N) for the year 

2009 (Fig. 23). This trend was maintained in control fruits for the entire storage 

period. 

Fruit firmness is an important quality attribute that plays significant role in 

determining   fruit  quality  status  for f urther  use. Soft fruits have no shelf life and 
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Table 25.1: Effect of different concentrations of salicylic acid on firmness (N) of   

         peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

 

Table 25.2: Effect of different concentrations of salicylic acid on firmness (N) of   

         peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

 

Treatment   
Storage period (weeks) 

 

Salicylic acid 0 1 2 3 4 5 Means*
DW Dip             72.92a 62.89f-i 60.18i 53.51j 49.22klm 46.87mn 57.60D 

SA 0.5 mmol     72.92a 65.24c-f 63.18fgh 61.03hi 49.03klm 45.92n 59.55C 

SA 1.0 mmol     72.92a 65.37c-f 62.95f-i 62.30ghi 50.04kl 47.49lmn 60.18C 

SA 1.5 mmol  72.92a 67.30bcd 64.62d-g 63.61e-h 51.64jk 50.14kl 61.71B 

SA 2.0 mmol     72.92a 68.90b 68.02bc 66.26b-e 53.41j 51.64jk 63.53A 

Means** 72.92A 65.94B 63.79C 61.34D 50.67E 48.41F  

                  LSD                  T=0.8121     W=0.9310     TW=2.7786   

Treatment  
 Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             67.82a 61.45ef 59.95fg 54.19ij 48.73l 42.88m 55.84E 

SA 0.5 mmol     67.82a 65.60a-d 60.21fg 57.20h 52.36jk 48.37l 58.60D 

SA 1.0 mmol     67.82a 66.32ab 61.61ef 58.64gh 54.49ij 50.40kl 59.88C 

SA 1.5 mmol  67.82a 66.78ab 63.54cde 63.38de 57.43h 53.80j 62.13B 

SA 2.0 mmol     67.82a 67.76a 65.90abc 64.43bcd 60.67fg 56.55hi 63.85A 

Means** 67.82A 65.58B 62.24C 59.57D 54.74E 50.40F  

                  LSD                  T= 0.7184    W= 0.8236    TW=2.4580   
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Fig. 23: Effect of  different  concentrations of salicylic acid on firmness (N) of   

        peach fruit cv. ‘Flordaking’ during  the years 2009 and 2010 stored  

        at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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shipment capability. Peach fruits become soft when water-soluble pectin is 

solubilized (Pressy and Avants, 1973) due to which cell wall integrity is 

deteriorated (Fishman et al., 1993). Fruit firmness can be maintained by lowering 

its metabolism which in result can inhibit decomposition of tissues (Gonzalez et al., 

2004). During low temperature storage chilling injury to peach fruits results in 

disability of fruit in maintaining their firmness and become vulnerable to rottening 

and decays (Lurie and Crisosto, 2005). 

Present study showed significant effects and differences in all treatments for 

peach fruit firmness during five week storage period. This significance was found 

in both year results. The most firm fruits were found in fruits treated with 2.0 mmol 

L-1 SA followed by 1.5 mmol L-1 SA treated fruits compared with control. 

Increased flesh firmness was observeded in untreated fruit (control). Overall, all the 

treatments were recorded with a consistent decline in flesh firmness during five 

week storage period for both 2009 and 2010. However, lower SA 0.5 mmol L-1 

concentration had the most decreased values of flesh firmness during last week of 

storage while in contrary to this higher SA 2.0 mmol L-1 concentration was most 

effective in maintaining increased fruit firmness for the same week. Low firmness 

in peach fruits may be due to SA treatment which reduced hydrolysis of soluble 

starch in consequent decreased decline in flesh firmness. It is reported that SA 

suppressed lipoxygenase (LOX) activity in kiwi fruits resulting in reduced free 

radicals and ethylene production (Xu et al., 2000). In agreement to our results 

Wang et al. (2006) reported their findings that only higher SA concentration 

retained higher flesh firmness of ‘Beijing’ peaches than other SA concentrations 
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and control fruits stored for four weeks at 4 ºC. Numerous research findings have 

been reported regarding effects of salicylic acid on fruit firmness, Li and Han 

(1999), and Yan et al. (1998) reported that optimal concentration of SA increased 

flesh firmness of postharvest peaches. Banana fruits showed maintained fruit 

firmness when treated with SA during ripening (Srivastava and Dwivedi, 2000), SA 

had significant effects on flesh firmness of kiwi fruits during storage (Aghdam et 

al., 2009 and Zhang et al., 2003). Findings of another study revealed that SA 

showed increased firmness in sugar apple fruits compared with control during 

storage (Mo et al., 2008). Thus, we find our results supported by the above 

mentioned research findings reported by several researchers. 

3.6.8 Effect of Salicylic Acid on SSC 

Soluble solids concentration in peach fruit cultivar ‘Flordaking’ was 

recorded with significant differences among the treatments (Table 26.1) for the 

year 2008. Highest SSC (10.14 % °Brix) was observed in the highest  concentration 

of 2.0 mmol L-1 SA followed by 1.5 mmol L-1 SA during five week storage period. 

While least levels of SSC (9.66 % °Brix) were found in control in respect with 

other treatments. SA concentrations 0.5, 1.0 mmol L-1 and control fruits remained 

non significant (p < 0.05). The interaction between treatments and weekly intervals 

show stability in SSC changes during week one, then it started and kept increasing 

for rest of the weekly intervals except control that declined at the end of experiment 

(Fig. 24). 

Results pertaining to SSC for peach fruit cv. ‘Flordaking’ showed that 2.0 

mmol L-1  OA  had  significantly  highest  values  of  SSC  (10.66 % °Brix)  during 
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Table 26.1: Effect of different  concentrations  of  salicylic  acid on  soluble  

                   solids  content  (% ºBrix)  of peach  fruit cv. ‘Flordaking’ stored  

                   at 0 ±0.3 ºC during the year 2009. 

 

Table 26.2: Effect  of  different  concentrations  of  salicylic  acid  on  soluble  

                   solids  content  (% ºBrix)  of  peach  fruit  cv. ‘Flordaking’  stored  

                    at 0 ±0.3 ºC during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             8.87i 8.79i 9.63h 10.25def 10.31def 10.09efg 9.66C 

SA 0.5 mmol     8.87i 8.97i 9.67h 10.20def 10.37def 10.37def 9.74C 

SA 1.0 mmol     8.87i 9.00i 9.61h 10.14efg 10.41cde 10.48cd 9.75C 

SA 1.5 mmol  8.87i 8.94i 9.83gh 10.34def 10.72bc 11.03ab 9.95B 

SA 2.0 mmol     8.87i 9.10i 10.04fg 10.49cd 10.99b 11.34a 10.14A 

Means** 8.87D 8.96D 9.76C 10.28B 10.56A 10.66A  

                LSD                 T=0.0988     W=0.1133     TW=0.3381   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              9.36k 9.31k 9.98j 10.41hi 10.77efg 10.87d-g 10.11D 

SA 0.5 mmol      9.36k 9.31k 10.25ij 10.62gh 11.03b-f 10.99c-f 10.26C 

SA 1.0 mmol      9.36k 9.34k 10.11ij 10.76fg 11.14bcd 11.07b-e 10.30C 

SA 1.5 mmol  9.36k 9.33k 10.39hi 10.95def 11.30b 11.27bc 10.43B 

SA 2.0 mmol      9.36k 9.29k 10.57gh 11.31b 11.76a 11.65a 10.66A 

Means** 9.36D  9.32D 10.26C 10.81B 11.20A 11.17A  

             LSD                 T=0.0897     W=0.1028     TW=0.3069   
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Fig.   24: Effect  of  different  concentrations  of  salicylic  a cid on  soluble  solids 

     content (% ºBrix) of peach fruit cv. ‘Flordaking’ during the years 2009             

     and 2010 stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 



141 
 

storage period for the year 2009 (Table 27.2). On the other hand control was found 

with lowest values of SSC (10.11 % °Brix) compared with other treatments. Lower 

SA concentrations (0.5 mmol L-1 and 1.0 mmol L-1) showed their performance at 

par (p < 0.05) during five week storage period. Results for weekly intervals indicate 

SSC in fruits of all treatments was significantly increasing till week four and then 

slightly decreased at the end while control fruits kept increasing throughout the 

experiment (Fig. 25).  

Soluble solids concentration (SSC) is a key factor to judge the fruit quality. 

For determination of fruit quality SSC, titratable acidity, firmness, size and color 

are main criterion of consumer for selection of any fruit (Hoehn et al., 2003 and 

Lu, 2004).  It is understood that soluble solids concentration is increased during 

storage period in result of insoluble starch conversion into soluble solids. Change in 

soluble solids concentration is right away correlated with hydrolytic regulation of 

starch concentrations during postharvest storage in turn these changes result in 

starch conversion (breakdown) to sugars, which explains as key fruit ripening 

indicator (Kays, 1991). The results of the study under discussion conspicuously 

shows increased soluble solids content in fruits of peach cv. ‘Flordaking’ treated 

with SA during five week storage period for both years. As peach fruit being 

perishable depreciates its quality rapidly after harvesting and this depreciation is 

associated with rapid loss in soluble solids concentration, acidity, and decrease in 

firmness. Our findings show these quality parameters were up to the mark in SA 

treated fruits when compared with non salicylic acid treated fruits (control). SA 

concentrations significantly maintained increased SSC (°Brix) levels in peach fruits 
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along with increased titratable acidity, fruit firmness, pH and other quality 

attributes. As per our results, higher SA concentration (2.0 mmol) had increased 

levels of SSC compared with control. However, lower SA concentrations (0.5 and 

1.0 mmol) showed no significant differences compared with control during the year 

2008 while they exhibited significant effects during the year 2009. Means of 

interaction between treatments and weekly intervals show that SSC remained stable 

during first week afterwards it started increasing till the end of experiment. This 

may be due to low temperature effects because cold storage temperatures are 

known to initially decrease physiological and metabolic processes in fruits. Peach 

fruits need to be higher in soluble solids (sweet) for consumer acceptability 

(Crisosto et al., 2003). Peng and Jiang (2006) have documented similar results that 

SA pre-treatment to fresh-cut of Chinese water chestnut increased SSC, titratable 

acidity and ascorbic acid. Strawberry fruits increased SSC when plants were 

sprayed with four times SA compared with control during both years of study 

(Karlidag et al., 2009). Higher levels of SSC along with fruit firmness and titratable 

acidity was recorded in SA treated banana fruits during ripening (Srivastava and 

Dwivedi, 2000). Apple fruits maintained higher levels of SSC when treated with 

SA without decreasing fruit firmness when compared with control (Han and Li, 

1997). Pear fruits treated with calcium chloride resulted in increased SSC levels 

during seventy five days storage period (Mahajan and Dhatt, 2004). Mango fruits 

treated with methyl jasmonate were recorded with increased SSC with regard to 

control stored at same temperature regime (Tasneem, 2004). The above reported 

and other numerous research findings match with our study for soluble solids 

concentration in peach fruit during storage period.  
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3.6.9  Effect of Salicylic Acid on Titratable Acidity 

Our results showed that 2.0 mmol L-1 of salicylic acid retained highest 

amount (0.64) of titratable acidity (TA) whereas control was observed with lower 

levels of TA (0.52). The lower concentrations of SA had lesser effect on TA of 

peach fruits of ‘Flordaking’ during five weeks storage at 0 °C (Table 27.1). Means 

for weeks were observed with decrease in TA of fruits of all treatments during 

storage period for the year 2008 (Fig. 25).  

The data for the year 2009 regarding TA revealed that significant 

differences were there with same trend of the year 2008 (Table 27.2). Significantly 

high TA (0.44) was found in fruits treated with 2.0 mmol L-1 of SA as compared 

with the rest of treatments. Least levels of TA (0.30) were retained in control fruits 

of peach. In continuity to previous year (2008), this year was also observed with 

minimum content of TA by lower concentrations of SA as compared with higher 

concentrations (Fig. 25).     

Fruit taste is mainly made up of sugars and acids combination. Fruits with high 

acidity retain the flavor of ripened fruit (Ulrich, 1970). Titratable acidity is 

dependant on content of organic acid present in fruit. The findings of our study 

reveal that peach fruits cv. ‘Flordaking’ treated with salicylic acid retained higher 

content of titratable acidity when compared with control during five week storage 

period. SA 2.0 mmol L-1 maintained higher content of titratable acidity with 

significance throughout the experiment period compared with other SA 

concentrations and control. Other researchers have also reported that salicylic acid 

upheld   the   increased  content  of   titratable   acidity  in  fresh-cut  Chinese  water 
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Table 27.1: Effect of different concentrations of salicylic acid on titratable  

                   acidity  of  peach  fruit  cv. ‘Flordaking’  stored  at  0 ±0.3  ºC  

                   during the year 2009. 

 

Table 27.2: Effect of different concentrations of salicylic acid on titratable  

                   acidity  of  peach  fruit  cv.  ‘Flordaking’  stored  at  0 ±0.3  ºC  

                   during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks) 

 

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              0.69a 0.65abc 0.60efg 0.50i 0.39k 0.29l 0.52D 

SA 0.5 mmol      0.69a 0.67abc 0.65bcd 0.56gh 0.48ij 0.39k 0.57C 

SA 1.0 mmol      0.69a 0.66abc 0.64cde 0.58fgh 0.49i 0.38k 0.57C 

SA 1.5 mmol  0.69a 0.69ab 0.65abc 0.61def 0.55h 0.44j 0.60B 

SA 2.0 mmol      0.69a 0.68ab 0.67abc 0.65a-d 0.59fgh 0.55h 0.64A 

Means** 0.69A 0.67B 0.64C 0.58D 0.50E 0.41F  

                LSD                 T=0.0117       W=0.0134       TW=0.0400   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             0.53a 0.50a 0.343c-f 0.20i 0.13j 0.13j 0.30D 

SA 0.5 mmol      0.53a 0.49a 0.36bcd 0.28e-h 0.25ghi 0.23hi 0.36C 

SA 1.0 mmol      0.53a 0.49a 0.38bc 0.25ghi 0.30d-g 0.24ghi 0.37C 

SA 1.5 mmol  0.53a 0.51a 0.38bc 0.28fgh 0.35b-e 0.29d-h 0.39B 

SA 2.0 mmol      0.53a 0.50a 0.42b 0.39bc 0.40bc 0.39bc 0.44A 

Means** 0.53A  0.50B 0.37C 0.28D 0.29D 0.26E  

                LSD                T=0.0212         W=0.0243          TW=0.0726   
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Fig.   25: Effect of different concentrations of salicylic acid on titratable acidity of  

       peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at          

      0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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chestnut (Karlidag et al., 2009; Ping and Jiang, 2006), apple fruits treated with SA 

had increased content of titratable acidity at the end of storage (Han and Li, 1997). 

Variance within SA concentrations showed that lower concentrations remained 

statistically at par.    

3.6.10  Effect of Salicylic Acid on Soluble Solids Content and Titratable 

 Acidity Ratio (SSC:TA) 

The results pertaining to SSC:TA ratio in peach fruit cv. ‘Flordaking’ were 

found significantly different among the treatments for the year 2008 (Table 28.1). 

Maximum SSC:TA ratio (20.60) was registered by control fruits during five week 

storage period. SA (2.0 mmol L-1) exhibited minimum levels of SSC:TA ratio 

(16.00) as compared with control. Means of interaction between treatments and 

weekly intervals show that SSC:TA ratio progressively increased with the increase 

in storage period (Fig. 26). 

Highly significant results were found for treatments in SSC:TA ratio (Table 

28.2) of peach fruit cv. ‘Flordaking’ for the year 2009. Higher SSC:TA ratio 

(46.92) was recorded in control fruits compared with 2.0 mmol L-1 SA which had 

lowest values (24.76). No significance was found between the two concentrations 

1.0 mmol L-1 and 1.5 mmol L-1 of SA. For weekly intervals, all SA concentrations 

showed increasing trend for SSC:TA ratio except it declined slightly in control at 

the end of experiment (Fig. 26). However, generally, increasing trend for SSC:TA 

ratio increased in all treatments with slight stability at the start of experiment 

period. 
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Table 28.1: Effect  of  different  concentrations  of  salicylic acid on soluble                  

         solids  content  and  titratable  acidity  ratio (SSC:TA) of peach  

                    fruit  cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 
 

Table 28.2: Effect  of  different  concentrations  of  salicylic  acid  on  soluble  

                    solids  content  and  titratable  acidity  ratio  (SSC:TA)  of  peach  

                    fruit cv. Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 
*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)  

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             12.79l 13.40jkl 15.97hi 20.25de 26.46bc 34.85a 20.62A  

SA 0.5 mmol     12.79l 13.33jkl 14.88ijk 18.13fg 21.46d 26.17bc 17.79B 

SA 1.0 mmol     12.79l 13.51jkl 14.95ijk 17.39gh 20.97de 27.35b 17.82B 

SA 1.5 mmol  12.79l 12.97l 14.98ij 16.87gh 19.27ef 24.89c 16.96C 

SA 2.0 mmol     12.79l 13.25kl 14.85ijk 16.06hi 18.52fg 20.51de 16.00D 

Means** 12.79E 13.29E 15.12D 17.74C 21.34B 26.75A  

                LSD                 T=0.5021     W=0.5756     TW=1.7179   

Treatment  
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             17.58m 18.64klm 29.10f-i 51.03b 83.27a 81.91a 46.92A  

SA 0.5 mmol     17.58m 18.78klm 28.26g-k 37.20d-g 43.86bcd 47.94bc 32.27B 

SA 1.0 mmol     17.58m 18.85j-m 26.46i-m 42.67bcd 36.46d-h 45.23bcd 31.21BC 

SA 1.5 mmol  17.58m 18.35lm 27.38h-l 39.02cde 31.73e-i 38.57c-f 28.77C 

SA 2.0 mmol     17.58m 18.60klm 25.23i-m 28.55ghij 29.19f-i 29.42e-i 24.76D 

Means** 17.58E 18.64E 27.29D 39.69C 44.90B 48.61A  

                  LSD                 T=2.8417     W=3.2579     TW=9.7231   
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Fig. 26: Effect of different concentrations of salicylic acid on soluble solids content 

   and titratable acidity ratio (SSC:TA) of  peach fruit cv. ‘Flordaking’             

   during the years 2009 and 2010 stored at 0 ±0.3 ºC. Vertical bars indicate      

   ± SE of the means. 
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Fruit quality status can be ascertained from the levels of SSC:TA ratio. It is 

based on the concentration of organic acids and soluble solids/sugars. SSC:TA ratio 

was estimated simply by dividing soluble solids concentration by corresponding 

titratable acidity value. Our findings based on results of SSC:TA ratio show that 

SA concentrations significantly lowered SSC:TA ratio compared with control fruits 

during storage period for both years. Untreated fruits (control) of peach cv. 

‘Flordaking’ had highest levels of SSC:TA ratio during five week  storage period 

whereas least levels of SSC:TA ratio was recorded in fruits treated with higher 

salicylic acid (2.0 mmol L-1) concentration. The interaction between treatments and 

weekly intervals show a steady increase for SSC:TA ratio of peach fruits 

throughout the experiment period. Lower levels of SSC:TA ratio may be attributed 

to increased concentrations of titratable acidity in SA treated fruits. that putrescine 

treated fruits of all plum cultivars (Black Amber; Amber Jewel and Angelino) had 

been found lower in SSC:TA ratio when compared with their respective control 

(Khan and Singh, 2010). They have also reported interaction between putrescene 

concentration and ripening period significant among all the Japanese plum cultivars 

for SSC:TA ratio. Serrano et al. (2003) reported similar findings regarding plum 

fruits treated with putrescine; mango fruits treated with polyamines have also 

shown decreased levels of SSC:TA ratio (Malik and Singh, 2005).  

3.6.11  Effect of Salicylic Acid on pH 

Data pertaining to hydrogen ions concentration (pH) of peach fruit cultivar 

‘Flordaking’ show that there was none significance between control and lowest 

concentration  of  SA (0.5 mmol L-1)  and  no  significant  difference  was  recorded 
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Table 29.1: Effects  of  different  concentrations  of  salicylic  acid on juice  

                   pH  of  peach  fruit  cv. ‘Flordaking’ stored at 0 ±0.3 ºC during  

                   the year 2009. 

 

Table 29.2: Effects  of  different  concentrations  of  salicylic  acid  on  juice  

                   pH  of  peach  fruit cv. ‘Flordaking’  stored  at  0 ±0.3 ºC  during  

        the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

(Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks) 

 

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             3.89m 4.05lm 4.31d-h 4.43c-f 4.48bcd 4.69a 4.31A  

SA 0.5 mmol     3.89m 4.10ijkl 4.29e-i 4.32d-h 4.38c-g 4.64ab 4.27AB 

SA 1.0 mmol     3.89m 4.07klm 4.27e-j 4.27e-j 4.41c-f 4.56abc 4.24BC 

SA 1.5 mmol  3.89m 4.08j-m 4.21g-l 4.26f-k 4.37d-h 4.46b-e 4.21C 

SA 2.0 mmol     3.89m 4.10i-l 4.18h-l 4.25f-k 4.33d-h 4.39c-g 4.19C 

Means** 3.89E 4.08D 4.25C 4.30C 4.39B 4.55A  

               LSD                 T=0.0569      W=0.0652      TW=0.1946   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              4.13ijk 4.13ijk 4.38fgh 4.69a-d 4.78ab 4.84a 4.49A  

SA 0.5 mmol      4.13ijk 4.11ijk 4.34gh 4.62b-e 4.69a-d 4.74abc 4.44AB 

SA 1.0 mmol      4.13ijk 4.11ijk 4.31hi 4.55c-f 4.61b-e 4.69a-d 4.40BC 

SA 1.5 mmol  4.13ijk 4.10jk 4.29hij 4.43e-h 4.51d-g 4.61b-e 4.35CD 

SA 2.0 mmol      4.13ijk 4.06k 4.26h-k 4.38fgh 4.43e-h 4.54dg 4.30D 

Means** 4.13E  4.10E 4.32D 4.53C 4.60B 4.68A  

               LSD                 T=0.0589      W=0.0675      TW=0.2015   
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Fig.  27: Effect of different concentrations of salicylic acid on pH of juice of     

   peach fruit cv.  ‘Flordaking’ during  the years 2009 and 2010 stored  

              at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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between 1.5 mmol L-1 or 2.0 mmol L-1 of SA (Table 29.1). However, collectively 

the pH data were noted with significance. Lowest pH was contained by the highest 

SA (2.0 mmol L-1) concentration (4.19) while increased pH was observed in control 

(4.31) during five week storage period for the year 2008. The interaction between 

treatments and weekly intervals showed that there was significant increase in fruit 

juice pH until week two then it stayed stagnant for week two and three. Afterwards 

pH kept increasing until end of the experiment (Fig. 27). 

  The year 2009 results revealed that there was no significance among the 

treatments as it was found in previous year (2008). Maximum pH was found in 

control (4.49) when compared with SA treated fruits (Table 29.2). Fruit treated 

with 2.0 mmol L-1 of salicylic acid (4.30) had lowest pH. The higher SA 

concentrations showed capability to effectively contain the pH of fruit juice than 

the lower concentrations. Means of interaction between treatments and weekly 

intervals reveal that first two weeks were observed with no significant changes in 

pH among all the treatments then afterwards it raised untill fifth week of storage 

(Fig. 27).   

pH of fruit juice is determined by measuring the hydrogen ion concentration 

the  juice is containing. The levels of pH are of importance to control the microbial 

growth in stored fruits because lower level of fruit pH offers a defensive 

mechanism against microbial attack. This potential for pH refers to the acid-

alkaline balance in the fruits. The analyzed data of our study show that fruit juice 

pH was significantly maintained lower during storage in peach fruits of cv. 

‘Flordaking’ treated with 2.0 mmom L-1 SA. Increased pH was recorded in fruits 
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treated with distilled water (control) as compared with SA concentrations. As per 

comparison within concentrations minimum levels of pH was noted in 2.0 mmol L-

1 SA treated fruits. Treatment means of both years show similar results in respect to 

SA effects on peach fruits. Means for weekly intervals show a permanent increase 

in pH as the storage period progressed. The gradual increase in fruit pH may be 

correlated with breakdown of organic acid due to respiration and senescence. These 

findings are in consonance with results of Pesis et al. (1999) who observed 

decreased titratable acidity and increased pH of fruit during the whole storage 

period. During prolonged storage lime fruits were found with enhanced pH as 

documented by Verma and Dashora (2000). Wang et al., (2007) reported their 

findings that treated mango fruits maintained lower pH for longer period during 

storage. Mandarins stored for six months had higher levels of pH (Ladaiya et al., 

2004). In conclusion peaches of cv. ‘Flordaking’ withstood with intact quality for 

five week storage duration. Similar results based upon pH of four weeks stored 

peaches of  cv.‘J. H. Hale’ suggested that peaches should be stored for four to five 

weeks (Dundar, 1997). 

3.6.12  Effect of Salicylic Acid on Total Sugars 

The results for total sugars show significant differences among the 

treatments for the year 2008 (Table 30.1). It was observed that total sugars content 

was significantly high (5.69) in fruits treated with 2.0 mmol SA while control fruits 

exhibited low levels of total sugars content (5.21). The lower SA concentrations 

had lesser effect on the total sugars content in peach fruit as compared to higher 

concentrations  during  five  week  storage. Generally, there  a  steady  increase was 
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Table 30.1: Effects of different concentrations of salicylic acid on percent total           

         sugars peach fruit cv. content of ‘Flordaking’ stored  at 0  ±0.3  ºC  

         during the year 2009. 

 
 

 

Table 30.2: Effects of different concentrations of salicylic acid on percent total  

         sugars peach fruit cv. content of ‘Flordaking’ stored  at 0  ±0.3  ºC  

         during the year 2010. 

 
*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test)

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              4.93l 4.93l 5.00l 5.32ijk 5.41hij 5.71fg 5.21D  

SA 0.5 mmol      4.93l 5.14jkl 5.40h-k 5.39hijk 5.54ghi 6.02cde 5.40C 

SA 1.0 mmol      4.93l 5.15jkl 5.51ghi 5.72fg 5.68fg 6.24abc 5.54B 

SA 1.5 mmol  4.93l 5.14jkl 5.33h-k 5.58ghi 5.75efg 6.34ab 5.51B 

SA 2.0 mmol      4.93l 5.14kl 5.59gh 5.87def 6.11bcd 6.48a 5.69A 

Means** 4.93F 5.10E 5.37D 5.58C 5.70B 6.16A  

               LSD                 T=0.0770        W=0.0882        TW=0.2634   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              5.28lm 5.23m 5.52jk 5.79ghi 5.87gh 6.23b-e 5.65D  

SA 0.5 mmol       5.28lm 5.37klm 5.42kl 5.62ij 5.73hi 6.12c-f 5.59E 

SA 1.0 mmol       5.28lm 5.22m 5.66ij 5.97fg 6.09def 6.27bcd 5.75C 

SA 1.5 mmol  5.28lm 5.34klm 5.70hij 6.08ef 6.20cde 6.40b 5.83B 

SA 2.0 mmol       5.28lm 5.35klm 5.80ghi 6.19cde 6.29bc 6.75a 5.94A 

Means** 5.28E 5.30E 5.62D 5.93C 6.03B 6.35A  

                LSD                 T=0.0538        W=0.0617        TW=0.1842   
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Fig.   28: Effect of different concentrations of salicylic acid on percent total sugars 

    of peach fruit cv. ‘Flordaking’ during  the years 2009 and 2010 stored at         

    0  ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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Table 31.1: Effect of different concentrations of salicylic acid on percent reducing 

        sugars content of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC  

        during the year 2009. 

 

 

 

Table 31.2: Effect of different concentrations of salicylic acid on percent reducing 

         sugars content of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC       

         during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip               1.14o 1.62mn 1.84jkl 1.89ijk 2.19fgh 2.31d-g 1.83C 

SA 0.5 mmol       1.14o 1.59n 1.80klm 2.01hij 2.26efg 2.38c-f 1.86C 

SA 1.0 mmol       1.14o 1.64mn 1.87ijk 2.14gh 2.37c-f 2.48bcd 1.94B 

SA 1.5 mmol  1.14o 1.67lmn 1.85ijkl 2.17gh 2.42b-e 2.54abc 1.96B 

SA 2.0 mmol       1.14o 1.78k-n 2.04hi 2.30d-g 2.59ab 2.72a 2.09A 

Means** 1.14F 1.66E 1.88D 2.10D 2.36B 2.48A  

                LSD                 T=0.0584      W=0.0669      TW=0.1998   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip               1.34o 1.79n 1.87mn 2.19ijk 2.38F-i 2.61cde 2.03C  

SA 0.5 mmol       1.34o 1.75n 1.79n 2.09jkl 2.28hij 2.49efg 1.96D 

SA 1.0 mmol       1.34o 1.85mn 1.90lmn 2.26ij 2.46e-h 2.70bcd 2.09C 

SA 1.5 mmol  1.34o 1.80n 2.02klm 2.34ghi 2.61cde 2.77bc 2.15B 

SA 2.0 mmol       1.34o 1.76n 2.19ijk 2.57def 2.87ab 3.06a 2.30A 

Means** 1.34F 1.79E 1.95D 2.29C 2.52B 2.72A  

                LSD                 T=0.0572        W=0.0656       TW=0.1957   
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Fig. 29: Effect  of  different  concentrations  of salicylic  acid  on percent   

    reducing sugars of  peach fruit cv. ‘Flordaking’ during  the years  

    2009 and 2010 stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of  

    the means. 
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observed in total sugars content until fourth week of storage then all the treatments 

registered decrease in total sugars content at the end of experiment (Fig. 28). Means 

for storage period were found significantly different from each other.  

Maximum total sugars content (5.95) was recorded in fruits treated with 2.0 

mmol SA and significantly differed from 0.5 mmol SA and control fruits by having 

least means value (5.59 and 5.65 respectively) for the year 2009 (Table 30.2). In 

contrast to the year 2008, the year 2009 was noted with minimum total sugars 

content in peach fruits treated with 1.5 mmol of SA. The interaction between 

treatments and storage period reveal that there were no significant changes in total 

sugars at start of the experiment thereafter a gradual raise total sugars was observed 

untill fifth week of storage period (Fig. 28).  

3.6.13  Effect of Salicylic Acid on Reducing Sugars 

Peach fruit content of reducing sugars data means for the year 2008 show 

significant  differences among the treatments during  five  week  storage  period  

(Table 31.1). Highest SA concentrations were found with increased reducing sugars 

content compared with lower concentrations and control. Maximum reducing 

sugars content (2.09) was registered by fruits treated with 2.0 mmol SA followed 

by 1.5 mmol SA compared with control. Minimum content (1.83) of reducing 

sugars was recorded in control fruits. Results for weekly intervals indicate 

increasing trend for reducing sugars content with advancement in storage period 

(Fig. 29). 

Means for reducing sugars content reveal significant differences among the 
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treatments for the year 2009 (Table 31.2). As per results highest levels of reducing 

sugars content (2.30) was recorded in fruits treated with 2.0 mmol SA compared 

with 0.5 mmol SA and control. Means for storage period (weekly intervals) show 

significant differences. Reducing sugars content in peach fruits increased during 

entire storage period (Fig. 29). 

3.6.14  Effect of Salicylic Acid on Non Reducing Sugars 

SA concentrations had maximum non reducing sugars content compared 

with control however, within concentrations there were non significant differences 

(p < 0.05) during year 2008. While, untreated fruits were noted with minimum non-

reducing sugars content compared with 2.0 mmol SA. As per results for storage 

period non-reducing sugars content decreased during first week then increased on 

second week thereafter again decreased till week four and increased at the end of 

storage period.  

Highest non reducing sugars content was recorded in fruits treated with 1.5 

mmol SA during the year 2009. Least non reducing sugars content was found in 

control. The interaction between treatments and weekly intervals was found 

significant. Non reducing sugars content showed fluttered trend during five week 

storage period. Maximum non reducing sugars content was noted during second 

week of storage.   

Peaches are climacteric and they respire and accumulate ethylene that leads 

the fruit to ripening and senescence. Increase in sugars content is due to the activity 

of sucrose-phosphate synthase (Hubbard et al., 1991). As per chemical analysis 
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reported by Wills et al. (1983) that peach fruits have 4.6 to 9.6 % of sugars. It has 

been reported that peaches are predominant by glucose and fructose (Moriguchi et 

al., 1990). Peach fruits constitute sucrose as major non reducing sugars and 

fructose as main reducing sugars (Salunkhe and Kadam, 1995). Unripe fruits 

reserves starch with high quantity, upon ripening starch is converted into sugars. 

Other proves of changes in peach fruits during ripening are color, loss in firmness 

and flavor development. Flavor being important aspect of consumer’s satisfaction 

affects fruit and vegetable consumption (Pelayo et al., 2003). Fruit taste attributes 

are determined mainly from sugars and acids contents ratio present in fruit (Raffo 

et al., 2007).  

Findings of our study reveal that total sugars and reducing sugars in general, 

increased with the advancement of storage period under all SA concentrations and 

control. However, SA treated peach fruits had higher contents of total and reducing 

sugars compared with control during the entire storage period. Control fruits had 

increased losses in total and reducing sugars contents.  This may be due to SA 

treatments which significantly reduced the losses by minimizing the degradation of 

both total and reducing sugars contents of peach fruits. Apple fruits treated with 

calcium chloride also exhibited increased contents of these sugars prolonged 

storage (Chardonnet et al., 2003). All the treatments increased total sugars and 

reducing sugars content with the progress in storage period and reached to highest 

during fifth week of storage period.  

Although, SA treatments had no significant effects on non reducing sugars 

content however, higher SA concentrations had maximum levels of non reducing 
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sugars content than that of control fruits. Untreated fruits (control) losses in sucrose 

may implicate negatively that may alter the expression genes associated with 

quality (King et al., 1995; Mir and Beaudry, 2002). Our findings reveal non 

reducing sugars showed fluttered trend during storage period. For both years higher 

SA (1.5 and 2.0 mmol) concentrations showed increased contents of non reducing 

sugars than lower concentrations and control. In summarized way, sugars content 

collectively increased in peach fruits of all treatments during storage period 

whereas SA altered content of sugar levels in concentration dependant manner. 

3.6.15  Effect of Salicylic Acid on Ascorbic Acid 

Results pertaining to ascorbic acid (AA) content of peach fruit (cv. 

Flordaking) were found significantly different among the treatments (Table 32.1). 

The data for the year 2008 revealed that high values of AA (5.68) appeared in fruits 

dipped in 1.5 mmol L-1 of salicylic acid solution than those dipped in other SA 

concentrations and control. Upon comparing with SA treatments an enhanced 

decrease for AA content (4.98) in control fruit was observed. Weekly interval 

means show that initially AA remained relatively stable in all treatments then a 

constant decrease was observed in AA content of peach fruit during storage period 

(Fig. 30). It reached to lowest level in all treatments during week five and control 

fruits exhibited the lower level of AA throughout the experiment intervals.  

A similar declining trend was recorded for AA content (mg/100g) of peach 

fruit during the storage period for the year 2009 (Fig. 30). The maximum AA 

content (5.61) of fruit was observed in highest SA concentration (2.0 mmol L-1) 

while other  treatments  of SA  including control  remained  statistically at par.  
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Table 32.1: Effect of different concentrations of salicylic acid on ascorbic acid  

        content  (mg/100g FW)  of  peach  fruit  cv.  ‘Flordaking’ stored at  

                   0 ±0.3 ºC during the year 2009. 

 

Table 32.2: Effect of different concentrations of salicylic acid on ascorbic acid  

        content (mg/100g FW)  of  peach  fruit  cv. ‘Flordaking’  stored  at  

                   0 ±0.3 ºC during the year 2010. 

         

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              6.17a 5.97ab 5.38a-e 4.65d-h 4.19e-h 3.54h 4.98C 

SA 0.5 mmol      6.17a 6.12a 5.69a-d 5.37a-e 4.81b-g 4.10gh 5.37AB 

SA 1.0 mmol      6.17a 6.12a 5.34a-f 5.25a-g 4.71c-h 4.13fgh 5.28BC 

SA 1.5 mmol  6.17a 6.08a 5.92abc 5.88abc 5.19a-g 4.85b-g 5.68A 

SA 2.0 mmol      6.17a 6.14a 5.46a-d 5.15a-g 5.34a-f 5.01a-g 5.54AB 

Means** 6.17A  6.08A 5.56B 5.26B 4.85C 4.32D  

                 LSD                 T=0.3540       W=0.4058      TW=1.2112   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip               5.94a 5.67a-d 5.17a-g 4.75c-h 4.49e-h 3.67h 4.95B 

SA 0.5 mmol       5.94a 5.94a 5.41a-f 4.96a-g 4.73d-h 4.11gh 5.18B 

SA 1.0 mmol       5.94a 5.77a-d 5.43a-f 5.07a-g 4.81b-g 4.21gh 5.20B 

SA 1.5 mmol  5.94a 5.78a-d 5.48a-f 5.09a-g 4.86a-g 4.37fgh 5.25B 

SA 2.0 mmol       5.94a 5.85abc 5.87ab 5.49a-e 5.51a-e 4.99a-g 5.61A 

Means** 5.94A  5.80AB 5.47B 5.07C 4.88C 4.27D  

                LSD                  T=0.3264      W=0.3742      TW=1.1169   
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Fig. 30: Effect of different concentrations of salicylic acid on ascorbic acid  

    content  (mg/100g FW) of peach fruit cv. ‘Flordaking’ during the  

    years  2009  and 2010  stored  at 0 ±0.3 ºC. Vertical bars indicate   

    ± SE of the means. 
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However, minimum AA content (4.95) of fruit was registered by control fruits 

(Table 32.2). Means for weekly intervals show that there was continuous decline in 

AA content of fruit till the end of experiment and decreased peak for AA content of 

peach fruit was found in control during the fifth week of storage.   

Ascorbic acid (vitamin C) is most important among other quality 

parameters of fruits and vegetables. In human diet about 91% of ascorbic acid (AA) 

comes from fruits and vegetables (Akhtar, 2010).  Stored fruits ascorbic acid 

content is decreased which is ascribable to the organic acids consumption during 

respiration or conversion to sugars (Kader, 2002a). Postharvest life ultimately 

heads towards senescence that result in quality loss and decrease in AA (Watada, 

1987).   

Our study outcomes showed that there was consistent decrease in AA 

content of all treatments and our these findings are very much in accordance with 

results of Akhtar et al. (2010) who reported AA in loquat fruits was reduced 

constantly to a great extent during ten weeks storage period. Higher SA 

concentrations maintained increased levels of AA content in peaches during the 

entire storage period compared with lower concentrations and control for both 

years. Control fruits were found with decreased AA content; this may referable to 

increased organic acids conversion to sugars. The outcomes of present study are 

also in conformity with results of Ruoyi et al. (2005) descrbed that treated peach 

fruits had increased levels of AA content during 50 days storage. SA application to 

fresh-cut Chinese water chestnut enhanced the AA content compared to control 

(Peng and Jiang, 2006). Karlidag et al. (2009) reported that strawberry plants 
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repeatedly sprayed with SA increased AA in fruits; (Kalarani et al., 2002) observed 

tomato fruits with higher AA concentrations when treated with SA. 

3.6.16  Effect of Salicylic Acid on Free Radical Scavenging Activity 

Percent inhibition of DPPH was calculated to ascertain free radical 

scavenging activity. FRSA evaluation was recorded with significant differences 

among the treatments in peach fruits of cultivar ‘Flordaking’ for the year 2008 

(Table 33.1). The highest value for FRSA (69.49) was found in peach fruits treated 

with 2.0 mmol L-1  of salicylic acid in comparison to control. The lowest value for 

RSA (67.04) was noted in control. The highest concentrations of SA performed at 

par to each other. No significant difference was recorded between 0.5 mmol L-1 of 

SA and control. There was gradual increase for FRSA up till week three and 

remained stable for week four then declined in the fifth week of experiment (Fig. 

31). During the entire experiment period control fruits were observesed with lower 

FRSA.  

Table 33.2 showed free radical scavenging activity with significant 

differences among the treatments for the year 2009. The highest FRSA (72.93) was 

observed in 2.0 mmol L-1 SA treated fruits while least activity of free radical 

scavenging (70.24) was noted in untreated fruits during storage period. All 

treatments were observed with steady increase in FRSA from beginning to week 

four thereafter the same dropped towards the end of experiment (Fig. 31) while 

means for weekly intervals indicate that week two, week three and week four 

remained statistically non significant. For both years SA concentrations were 

recorded with increased FRSA in treated fruits.  
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Table 33.1: Effect  of  different concentrations of salicylic acid on free radical  

        scavenging  activity  (% inhibition)  of peach fruit cv. ‘Flordaking’  

        stored at 0 ±0.3 ºC during the year 2009. 

 

 

Table 33.2: Effect of different  concentrations  of salicylic c acid on free radical  

        scavenging  activity  (% inhibition)  of  peach fruit cv. ‘Flordaking’  

                   stored at 0 ±0.3 ºC during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             64.72f 66.01ef 66.95def 69.62b-e 69.47b-e 65.50f 67.04C 

SA 0.5 mmol     64.72f 67.44c-f 67.72c-f 70.42a-d 70.52a-d 68.09c-f 68.15BC 

SA 1.0 mmol     64.72f 67.75c-f 67.61c-f 70.79abc 70.19a-d 69.42b-e 68.41AB 

SA 1.5 mmol  64.72f 67.81c-f 67.67c-f 72.93ab 72.50ab 70.68a-d 69.38A 

SA 2.0 mmol     64.72f 68.01c-f 68.22c-f 72.32ab 73.43a 70.28a-d 69.49A 

Means** 64.72D 67.40C 67.63BC 71.21A 71.22A 68.79B  

                LSD                 T=1.1125        W=1.2754       TW=3.8064   

Treatment  
Storage period (weeks) 

 

Salicylic acid 0 1 2 3 4 5 Means*

DW Dip             68.53jk 69.25ijk 71.52c-k 72.14b-j 71.99b-j 68.01k 70.24C 

SA 0.5 mmol     68.53jk 69.43h-k 73.67a-e 72.99a-i 73.47a-f 69.50g-k 71.26BC 

SA 1.0 mmol     68.53jk 69.37h-k 73.48a-f 73.30a-g 72.73a-i 71.11d-k 71.42B 

SA 1.5 mmol  68.53jk 69.50g-k 74.58a-e 75.52ab 74.23a-e 70.78e-k 72.19AB 

SA 2.0 mmol     68.53jk 69.72f-k 75.08abc 76.45a 74.69a-d 73.11a-h 72.93A 

Means** 68.53C 69.45BC 73.66A 74.08A 73.42A 70.50B  

                 LSD                 T=1.1206          W=1.2847         TW=3.8341  
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Fig.   31: Effect of different concentrations of salicylic acid on radical scavenging  

    activiy of peach fruit cv. ‘Flordaking’ during  the years 2009 and 2010  

    stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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Free radical scavenging activity (FRSA) is known to be very high in fruits 

because of their antioxidant affluence, including vitamins and several polyphenolic 

compounds that have vital function in scavenging free radicals (Akhtar, 2010). The 

antioxidants activity may be cultivar and species dependant (Award et al., 2001; 

Kondo et al., 2005). This has been reported that salicylic acid or acetylsalicylic 

acid is potent antioxidant compound and have ability to scavenge radicals 

(Campanella et al., 2003). Antioxidants contents determine postharvest storage 

period that are related to some chemical and physical parameters like flesh firmness 

and peel color of fruit (Dalla et al., 2007). They stated that antioxidant content of 

peaches might be altered by harvest time, storage technique and time between fruits 

picked and consumption, pinpointing that postharvest fruit life has a deep impact 

on their antioxidant capability (Vaio et al., 2008).  

To ascertain dietary importance of fruits and vegetables it is also important 

to estimate their antioxidant activity. In this study peach fruits were subjected to 

FRSA assessment by treating them with different SA concentrations. The FRSA 

started increasing from the beginning of storage period and maintained same trend 

up till week four then it tended to decline at the end. In the beginning a decrease 

was followed by an increased radical scavenging activity has also been reported in 

melons (Oms-Oliu et al., 2008). Higher SA concentrations had increased FRSA 

levels compared with lower concentrations and control. This indicates that higher 

SA concentrations might have counteracted for balancing the increased free 

radicals with increased FRSA. SA being phenolic compound regulates some of 

fruit defense systems and nutrition components biosynthesis including antioxidant 

activity (Huang et al., 2008). Internal fruit quality and pace of senescence during 
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storage are correlated to antioxidants status (Lurie, 2003). SA alleviated chilling 

injury of peach fruits due to its capability to induce antioxidant activity (Wang et 

al., 2006). In our study strong correlation is existed between FRSA and other 

quality attributes such as ascorbic acid content of peach fruits.   

3.6.17  Effect of Salicylic Acid on SOD 

Means pertaining to superoxide dismutase (SOD) showed significant 

differences for all the treatments for the year 2008 (Table 34.1). Highest SOD 

activity (381.64) was recorded in fruits treated with 2.0 mmol L-1 of salicylic acid 

while lowest SOD activity (348.99) was found in control. The two highest salicylic 

acid concentrations (1.5 and 2.0 mmol L-1) were observed statistically at par for the 

activity during five week storage period. While the lowest SA concentrations (0.5 

and 1.0 mmol L-1) were observed with lesser SOD activity as compared with higher 

concentrations. Means for storage period depicts that there was increase in activity 

until week three thereafter this trend was inhibited and declined till the end of the 

experiment (Fig. 32).  

Decreased activity was noted in lowest SA concentrations during fifth week 

of storage. Superoxide dismutase activity was noted with highly significant results 

for the year 2009. SOD activity in SA treated fruits with highest concentration (2.0 

mmol L-1) was observed significantly high (369.03) followed by 1.5 mmol L-1 of 

salicylic acid during five weeks storage period (Table 34.2). On other hand least 

activity (333.66) was recorded in control. A steady increase was observed in SOD 

activity from the beginning and this reached to a peak on fourth week of the 

experiment and thereafter it decreased at the end of the experiment (Fig. 32).  
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Table 34.1: Effect  of  different   concentrations  of  salicylic  acid  on  superoxide 

        dismutase activityof peach fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC for   

        the year 2009. 

 

Table 34.2: Effect   of   different  concentrations  of  salicylic  acid  on   superoxide 

        dismutase activity of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC for    

        the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means*
DW Dip             324.89m 330.22m 343.17l 370.77hi 362.62ijk 362.26ijk 348.99D 

SA 0.5 mmol     324.89m 355.52k 375.61gh 395.00de 368.62hi 355.47k 362.52B 

SA 1.0 mmol     324.89m 344.50l 365.87h-k 381.92fg 357.36jk 342.19l 352.79C 

SA 1.5 mmol  324.89m 355.54k 387.07ef 408.82ab 406.00abc 398.07bcd 380.07A 

SA 2.0 mmol     324.89m 367.75hij 381.96fg 397.92cde 416.08a 401.26bcd 381.64A 

Means** 324.89E 350.71D 370.74C 390.88A 382.14B 371.85C  

                LSD                T=3.1820           W=3.6480        TW=10.887   

Treatment  
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means*
DW Dip             337.91hij 320.77lm 324.13kl 324.08kl 344.84ghi 350.21fgh 333.66E 

SA 0.5 mmol     337.91hij 329.45jkl 310.26m 352.09fg 366.45de 361.09ef 342.87D 

SA 1.0 mmol     337.91hij 334.82ijk 347.77ghi 373.12cde 361.54ef 342.16g-j 349.55C 

SA 1.5 mmol  337.91hij 351.06fg 350.42fgh 383.91abc 381.06bc 375.45cd 363.30B 

SA 2.0 mmol     337.91hij 352.70fg 362.72def 374.90cd 395.01a 390.92ab 369.03A 

Means** 337.91C  337.76C 339.06C 361.62B 369.78A 363.97B  

                 LSD                 T=3.8187      W=4.3780      TW=13.066   
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Fig.   32: Effect of  different concentrations of salicylic acid on superoxide 

     dismutase activity of peach fruit cv. ‘Flordaking’ during the years 

     2009 and 2010 stored at 0  ±0.3 ºC. Vertical bars indicate ± SE of 

     the means. 
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Superoxide dismutase being the first enzyme among the antioxidative 

enzymes has main role in the postharvest life of fruits. SOD catalysis the 

dismutation of superoxide free radical (O2ˉ) to hydrogen peroxide (H2O2). In stress 

conditions hydrogen peroxide acts as a chemical messenger prior to its 

metablization by catalase and peroxidases (Tian et al., 2007). The antioxidant 

enzymes are found in the compartments of subcellular and all aerophilous beings 

that are prone to oxidative stress (Blokhina et al., 2003). It has been documented 

that salicylic acid exogenous application has altered H2O2 metabolising enzymes in 

sweet cherry fruits during postharvest life (Chan and Tian, 2006). Tian et al. (2007) 

reported increase in SOD activity in peach fruits when treated with SA.  

According to our findings higher concentration of SA (2.0 mmol) was 

recorded with highest SOD activity in peach fruits. We found the outcomes of 

study in line with results of Bowler et al., (1992) as stated that increased SOD 

activity offer great resistance to stress. Similar findings have also been reported that 

maximum SA concentration had greater effects by significantly enhancing SOD 

and other antioxidant enzymes activities whereas minimized respiration rate, 

production of superoxide free radicals, LOX activity and content of MDA (Mo et 

al., 2008). Our results reveal that all the SA concentrations had significantly 

elevated peach fruits SOD activity as compared with control. Sugar apple fruits 

treated with different concentrations of SA have also showed increased SOD 

activity during ripening period (Mo et al., 2008). According to our results the 

maintained fruit quality might be due increased antioxidative enzymes activities 

during storage period.    
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3.6.18  Effect of Salicylic Acid on Catalase Activity 

The catalase (CAT) activity was recorded as log values and presented in 

Table 35.1 which reveal that highest SA concentration had higher (45.52 U gˉ1 FW) 

CAT activity in peach fruit of cultivar ‘Flordaking’ as compared with other 

concentrations of SA and control for the year 2008. Control fruits were recorded 

with lowest (39.88 U gˉ1 FW) among all the treatments whereas 0.5 mmol Lˉ1 of 

SA exhibited lowest catalase activity among SA treated fruits during five week 

storage. Results pertaining to weekly intervals show that activity increased until 

week 4 and then it decreased towards end of the experiment (Fig. 33).   

Highest concentration of SA (2.mmol L-1) performed as higher CAT 

activity (47.16 U gˉ1 FW) treatment as compared with rest of the treatments for the 

year 2009 (Table 35.2). First three SA concentrations remained statistically at par 

but higher than control. Treatment means for CAT activity show that control fruits 

were observed with lowest activity (41.04 U gˉ1 FW) during the whole experiment 

period. Means of weekly intervals for catalase activity was observed with similar 

increasing trend as of previous years’ the only difference was that it declined a 

week earlier (week 4) and continued till end of the experiment (Fig. 33).  

Catalase is one of the most important enzymes amongst the antioxidative 

enzymes that involved in the control of reactive oxygen species (ROS), particularly 

H2O2 (hydrogen peroxide). Increased CAT activity is a key to defensive action 

against oxidative damages (Ji et al., 1988), while lower CAT activity proposes the 

weakened capability of cells to scavenge H2O2 (Ng et al., 2005). According to Mo 

et al. (2008) findings that salicylic acid prevented CAT activity from declining and 



174 
 

Table 35.1: Effect of different concentrations of salicylic acid on catalase activity  

        of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

Table 35.2: Effect of different concentrations of salicylic acid on catalase activity         

        of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             35.40i 39.66hi 43.15d-h 40.27f-i 39.78ghi 41.02e-h 39.88D 

SA 0.5 mmol     35.40i 43.98c-h 43.48d-h 43.04d-h 44.86b-f 43.40d-h 42.36C 

SA 1.0 mmol     35.40i 43.11d-h 44.72c-h 44.98b-f 45.85b-e 46.05b-e 43.35BC 

SA 1.5 mmol  35.40i 43.00d-h 45.14b-f 44.78c-g 47.61a-d 49.90ab 44.30AB 

SA 2.0 mmol     35.40i 41.91e-h 45.66b-e 48.81abc 52.60a 48.77abc 45.52A 

Means** 35.40D 42.33C 44.43B 44.37B 46.14A 45.83AB  

               LSD                 T=1.4822      W=1.6992      TW=5.0712   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means*
DW Dip             31.73f 38.37de 44.14c 43.58cd 44.82bc 43.57cd 41.04C 

SA 0.5 mmol     31.73f 47.99abc 47.84abc 46.18bc 46.43abc 44.17c 44.06B 

SA 1.0 mmol     31.73f 46.92abc 48.09abc 47.27abc 46.87abc 44.85bc 44.29B 

SA 1.5 mmol  31.73f 49.13abc 49.13abc 47.74abc 47.44abc 46.60abc 45.29B 

SA 2.0 mmol     36.14ef 47.23abc 48.48abc 52.07a 50.19ab 48.86abc 47.16A 

Means** 32.61C 45.93AB 47.53A 47.37AB 47.15AB 45.61B  

               LSD                  T=1.6547      W=1.8970      TW=5.6615  
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Fig.   33: Effect  of  different  concentrations of salicylic acid on catalase  

      activity of peach fruit cv. ‘Flordaking’ during  year 2 stored at 0  

      ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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also reported that higher SA concentration had greater effect on maintaining 

increased CAT activity in sugar apple fruits compared to lower concentrations and 

control. These findings also showed that treatments of different salicylic acid 

concentrations exhibited inceased catalase activity as compared with control during 

the entire storage period. Higher SA (2.0 mmol) concentration demonstrated higher 

CAT activity in fruits than those of other concentrations and control. This might be 

because of salicylic acid that enhanced the transcription and translation of CAT 

gene in treated peach fruit (Tian et al., 2007).  

3.6.19 Effect of Salicylic Acid on POD Activity 

 Both higher SA concentrations (1.5 or 2.0 mmol L-1) maintained increased 

peroxidase (POD) activity when compared with other treatments during five weeks 

storage period for the year 2008 (Table 36.1). However, highest POD activity 

(29.25) was recorded in fruits treated with 2.0 mmol L-1 of SA while lowest activity 

(25.51) was noted in control fruits. No significant differences were observed in 

fruits treated with lower SA concentrations (0.5 and 1.0 mmol L-1) and control. 

Results for weekly intervals show that initially POD activity remained stable then 

increased till fourth week and then declined at the end of the experiment (Fig. 34). 

For the year 2009 significant results of POD activity show that higher 

concentration of SA (2.0 mmol L-1) maintained increased activity (31.82) during 

storage period as compared with other treatments (Table 36.2) whereas least POD 

activity was recorded in control and 0.5 mmol L-1  of SA respectively while both 

treatments  were   observed   statistically  at par. POD activity in all treatments was 

experienced  relatively  stable  for first  two weeks and then the same increased till 
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Table 36.1: Effect of  different  concentrations  of  salicylic  acid on peroxidase  

        activity of peach fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC during the  

        year 2009. 

   

 

Table 36.2: Effect  of  different  concentrations  of  salicylic  acid on peroxidase  

         activity of peach fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC during the   

         year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             22.99j 23.87ij 24.18hij 25.94f-j 29.46c-g 26.64f-j 25.51B 

SA 0.5 mmol     22.99j 23.94hij 26.11f-j 27.15e-j 31.60a-e 28.41d-i 26.70B 

SA 1.0 mmol     22.99j 23.13j 25.87f-j 27.26ef-j 32.31a-d 27.75d-j 26.55B 

SA 1.5 mmol  22.99j 24.38hij 26.90e-j 28.70d-h 34.54ab 32.47a-d 28.33A 

SA 2.0 mmol     22.99j 25.10g-j 26.64f-j 30.42b-f 36.19a 34.19abc 29.25A 

Means** 22.99E 24.08E 25.94D 27.89C 32.82A 29.89B  

                 LSD                  T=1.3998      W=1.6049      TW=4.7896  

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             25.95gh 25.96gh 27.19fgh 30.16d-h 29.38e-h 27.02fgh 27.61C 

SA 0.5 mmol     25.95gh 26.21gh 26.32gh 31.21c-h 31.18c-h 32.50c-f 28.90C 

SA 1.0 mmol     25.95gh 25.66h 26.44gh 31.32c-g 32.63b-f 33.11b-e 29.18BC 

SA 1.5 mmol  25.95gh 25.68gh 26.74gh 34.56a-e 35.32a-d 36.13abc 30.73AB 

SA 2.0 mmol     25.95gh 25.84gh 26.05gh 35.88abc 38.25ab 38.97a 31.82A 

Means** 25.95B  25.87B 26.55B 32.63A 33.35A 33.55A  

                LSD                  T=1.6515      W=1.8933      TW=5.6506   
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Fig.   34: Effect of different concentrations of salicylic acid on peroxidase activity 

        of peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at        

        0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 



179 
 

week five (Fig. 34). 

Peach fruit worldwide is the most well-liked fruit due to its high nutritional 

value and pleasing taste (Wang et al., 2006). But peaches due to perish ability have 

very short life resulting in quick deterioration. That’s why fruits destined for distant 

market and export purposes are kept in cold storage. Fruits kept for longer periods 

in cold storage are subjected to chilling injury, mealiness or internal browning 

which cause mal-quality fruits. To quantify and check these physiological problems 

different parameters are used as stick yard. Several researchers have reported peach 

fruits POD activity is subjected to change during storage. (Ding et al., 2009; Mo et 

al., 2008 and Han et al., 2003).  

Peroxidases are normally present in the cells of fruits. And it is localized in 

the chloroplast, cytoplasm, peroxisomes, vacuoles or the apoplast of living cells 

(Takahama, 2004). The production of hydrogen peroxide in result of superoxide 

free radicals dismutation by SOD is cleared by the catalytic reactions of catalase 

and peroxidase (Mo et al., 2008). POD might be indirectly involved in increasing 

browning process by detoxicating peroxides engaging antioxidants as substrate, 

resulting in catalyzing of electrons to peroxides and oxidizing compounds that may 

lead to browning avoidance (Rojas et al., 2007). Unlike catalase, peroxidases 

liberate free radicals rather oxygen when H2O2 is decomposed through catalytic 

activity (Burris, 1960). It is well clear that SOD converts superoxide anion (O2
– ) to 

hydrogen peroxide (H2O2) and the later is dismutated to oxygen and water by 

catalase, and peroxidase decomposes hydrogen peroxide by oxidation of phenolic 

compounds (Tian et al., 2007).          
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According to our findings SA higher concentrations showed superior effect 

by increasing POD activity in peach fruit compared with untreated (control) fruits 

during the entire storage period. Higher SA (2.0 mmol L-1 and 1.5 mmol L-1) 

concentrations increased POD activity when compared with lower concentrations 

and control. However, lower concentrations showed non significant effect on the 

activity in peach fruits. As per outcomes of our study in general POD activity 

enhanced. These outcomes are in agreement with the results of several researchers 

likewise Han et al. (2003) concluded that peaches treated with SA infiltration and 

ambient-atmosphere infiltration increased POD activity than control during 

ripening at different temperature regimes; similarly Mo et al. (2008) documented 

increased peroxidase activity in sugar apple fruits treated with SA. Mandarin fruits 

had continual rise in POD activity during four week storage (at 4 ºC) and papaya 

fruits stored for thirty days (at 5 ºC and 15 ºC) (El-hilali et al., 2003 and Setha et 

al., 2000 respectively). SOD, CAT and POD are well known antioxidant enzymes 

and have vital role in antioxidant defense mechanism in fruits. Hence we came 

across to results which have been reported by the above mentioned researchers are 

similar to our findings.  

3.6.20  Effect of Salicylic Acid on PPO 

Treatment means for polyphenol oxidase (PPO) activity reveal that 2.0 

mmol L-1 SA treated fruits had lowest levels of PPO activity (16.30) compared with 

other treatments during five week storage period (Table 37.1). Maximum activity 

(18.07) was found in lowest concentration (0.5 mmol L-1) of SA however, afore 

mentioned concentration and control remained statistically at par (p< 0.05). Weekly 
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Table 37.1: Effect of  different  concentrations  of salicylic  acid on polyphenol   

        oxidase  activity  of  peach fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC  

        during  the year 2009. 

  

 

Table 37.2: Effect of  different c oncentrations  of salicylic acid on polyphenol   

        oxidase activity of  peach f ruit cv.‘Flordaking’ stored at 0 ±0.3 ºC  

        during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             13.35ef 13.68def 14.70c-f 20.92a 22.93a 21.66a 17.87AB  

SA 0.5 mmol     13.35ef 15.29b-f 13.90def 20.64ab 22.28a 22.95a 18.07A 

SA 1.0 mmol     13.35ef 15.39b-f 15.23b-f 19.00a-d 21.24a 21.68a 17.65AB 

SA 1.5 mmol  13.35ef 13.65def 13.69def 18.73a-e 20.46ab 20.16abc 16.67AB 

SA 2.0 mmol     13.35ef 13.51def 13.10f 18.70a-e 19.69abc 19.48abc 16.30B 

Means** 13.35B 14.30B 14.12B 19.60A 21.32A 21.19A  

                LSD                 T=1.6088      W=1.8445      TW=5.5047   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 

DW Dip             17.46h 23.47c-g 23.21c-g 25.81a-e 29.51a 29.30ab 24.79A  

SA 0.5 mmol     17.46h 22.95c-h 23.78b-f 24.20a-f 27.43abc 26.00a-e 23.64AB 

SA 1.0 mmol     17.46h 21.47d-h 23.51c-g 23.89a-f 24.99a-e 26.43a-d 22.96B 

SA 1.5 mmol  17.46h 21.79d-h 21.97c-h 22.94c-h 25.06a-e 24.59a-f 22.30B 

SA 2.0 mmol     17.46h 17.96gh 20.82d-h 20.80e-h 22.18c-h 19.13fgh 19.72C 

Means** 17.46E 21.53D 22.66CD 23.53BC 25.83A 25.09AB  

                 LSD                 T=1.6420      W=1.8825      TW=5.6182   
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Fig.   35: Effect of different concentrations of salicylic acid on polyphenol oxidase 

      activity  of  peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 

      stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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interval means show that PPO activity remained stable for first three weeks and 

then increased after week three to week four and thereafter it decreased to the end 

of experiment (Fig. 35).       

PPO activity was recorded with significant differences among the 

treatments for the year 2009 (Table 37.2). PPO activity (19.72) was decreased in 

fruits treated with 2.0 mmol L-1 of SA as compared with control. Two SA 

concentrations (1.0 and 1.5 mmol L-1) were noted statistically at par for PPO 

activity. In this study highest PPO activity (24.79) was found in control fruits. 

Means for weekly intervals show that maximum increase in peach fruits reached on 

week four and then it decreased on week five of storage period (Fig. 35). Generally, 

PPO activity fluttered in all treatments during five weeks of storage. 

Generally, peach fruits have been experienced with increased PPO activity 

during storage at higher temperatures. It has been reported that peach fruits showed 

higher PPO activity at 5 ºC than 10 ºC (Meng et al., 2009). Loquat fruits have also 

demonstrated increased PPO activity during ten weeks storage period (Akhtar, 

2010 and Cai et al., 2006). Due to enzymatic browning capability of PPO, it is 

stimulated on the verge of ripening; aging (senescence) or stress conditions 

coincided with membranes damage that leads to higher polyphenol oxidase activity 

(Mayer, 1987). It is well known that PPO facilitates 0-diphenol oxidation into 0-

quinone in  O2 presence through catalyzing process and it is initial stage in the 

polymerization of phenolics to form 0-quinones (Ding et al., 1998). Studies have 

been reviewed with results that salicylic acid with different concentrations lowered 

the PPO activity in peaches and apples during storage (Han et al., 2003).  
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According to our findings higher concentration of SA (2.0 mmol L-1) 

significantly decreased the PPO activity compared to rest of treatments during five 

week storage of peach fruit cv. ‘Flordaking’. All the treatments maintained lower 

PPO activity compared with control. This is might be due SA capability of 

maintaining membrane integrity and it is in conformity with the reults of Mo et al. 

(2008) that membrane integrity has been ensured by treating sugar apple fruits with 

salicylic acid resulting in delayed fruit ripening during storage.  Ding et al. (2009) 

stated that PPO and phenols are alienated by a membrane. Ding et al. (2009) have 

also reported similar results that 2.0 mmol SA postharvest applications to peach 

fruits had decreased PPO activity during storage at 0 ºC. In this study results 

pertaining to PPO activity were found in agreement with the outcomes reported by 

the above mentioned researchers. 

3.6.21 Effect of Salicylic Acid on Total Phenolics Content 

Results Table 38.1 revealed 2.0 mmol L-1 SA had greater impact on total 

phenolic content (71.13 mg GAE 100 g-1) of peach fruit cv. ‘Flordaking’ in respect 

to the other treatments for the year 2008. While least total phenolic content (61.88 

mg GAE 100g-1) was recorded in control fruits. Means for weekly treatments show 

an abrupt increase during week one and that reached to its climax on week three 

and then slanting decrease was observed till week five during storage period (Fig. 

36). Highest SA concentration demonstrated its peak for total phenolic content on 

week three while control fruits remained lowest during the same week.  

Average means of treatments show highly significant differences for total 

phenolic  content  during  storage  period for the year 2009 (Table 38.2). Maximum 
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Table 38.1: Effect of different  concentrations of salicylic acid on total phenolics  

         content  (mg GAE 100 g-1)  of  peach fruit cv. ‘Flordaking’ stored at  

         0 ±0.3 ºC during the year 2009. 

           

 

Table 38.2: Effect of different concentrations of salicylic acid on total phenolics  

          content (mg GAE 100 g-1) of peach fruit cv.‘Flordaking’ stored at  

                     0 ±0.3 ºC during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              57.89fgh 58.03fgh 76.04cd 76.36c 53.78hi 49.18i 61.88D 

SA 0.5 mmol      57.89fgh 58.95fg 75.25cd 85.13b 61.03ef 55.83gh 65.70C 

SA 1.0 mmol      57.89fgh 57.01fgh 77.02c 87.71b 64.87e 57.09fgh 66.93C 

SA 1.5 mmol  57.89fgh 58.55fgh 78.32c 89.18ab 65.79e 61.01f 68.46B 

SA 2.0 mmol      57.89fgh 59.47fgh 79.39c 93.71a 71.21d 65.10e 71.13A 

Means** 57.89D 58.40D 77.20B 86.42A 63.34C 57.64D  

                LSD                 T=1.4719       W=1.6875      TW=5.0363   

Treatment  
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip               64.84ij 63.72ij 81.04ef 92.47bc 61.42j 49.12l 68.77D 

SA 0.5 mmol       64.84ij 63.10j 82.87e 92.73bc 66.95ij 55.53k 71.00C 

SA 1.0 mmol       64.84ij 65.79ij 85.33de 95.03ab 68.84hi 52.13kl 71.99C 

SA 1.5 mmol  64.84ij 66.20ij 89.24cd 97.72ab 73.01gh 63.21ij 75.71B 

SA 2.0 mmol       64.84ij 66.95ij 92.73bc 76.72bc 100.47a 67.01ij 78.12A 

Means** 64.84D 65.15D 86.24B 95.69A 69.39C 57.40E  

 LSD                          T=1.6543       W=1.8966      TW=5.6602  
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Fig.   36: Effect  of different  concentrations  of salicylic acid  on total phenolics  

     content of peach fruit cv.‘Flordaking’ during the years 2009 and 2010  

     stored at 0 ±0.3 ºC.  Vertical bars indicate ± SE of the means. 
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values for total phenolic content (78.12 mg GAE 100 g-1) were presented by 2.0 

mmol L-1 SA compared with other treatments. While lowest levels of total phenoic 

content (68.77 mg GAE 100 g-1) were found in control. Lower SA concentrations 

(0.5 mmol L-1 and 1.0 mmol L-1) performed at par (p < 0.05) during storage period 

for both years. After   remaining  stable  for  a  short  period, total  phenolic  

contents  of  peach  fruit increased to a peak on  week  three and  then declined 

almost to week one position (Fig. 36).  

  Phenolics being secondary plant metabolites are synthesized by all plants. 

They are responsible for the flavor and color of fruit products (Jeong et al., 2008). 

Robbins et al. (2003) stated that phenolics are involved in several functions 

suchlike nutrient absorption in plants, protein synthesis, enzymatic activities and 

photosynthesis. Many phenolic compounds act as antioxidants, in higher quantity 

they become browning substrates and PPO and reactive oxygen species function as 

main oxidants during phenolics function, as substrates and antioxidants (Robarts et 

al., 1999). They exist generally as flavonols in fruit peel (Hamauzu, 2006).  

 This study indicates that salicylic acid significantly increased the total 

phenolic content of peach fruit cv. ‘Flordaking’ during five weeks storage period as 

compared with control. The highest SA (2.0 mmol L-1) concentration showed 

increased levels of total phenolic content compared with other SA concentrations 

and control. All the treatments were observed with increasing levels of total 

phenolics content till midpoint of storage period then it started decreasing towards 

the end of experiment. Similar findings have also been described by Huang et al. 

(2008) that SA treated ‘Cara cara’ navel oranges had increased total phenolic 



188 
 

content while higher concentration of SA had more profound effect in this respect. 

Peach fruits treated with SA maintained fruit quality by inhibiting browning and 

promoted ascorbate-glutathione cycle (Wang et al., 2006). 

3.6.22   Effect of Salicylic Acid on Relative Electrical Conductivity 

The data regarding relative electrical conductivity (REC) of peach fruit cv. 

‘Flordaking’ were observed with significant difference during five week storage 

period (Table 39.1) for the year 2008. Treatment means show that least relative 

electrical conductivity (36.12) was recorded in fruits dipped in higher concentration 

of SA (2.0 mmol L-1) while higher relative electrical conductivity (42.97) was 

noted in control fruits. Out of four, first three concentrations of SA were found 

statistically at par for REC. Means for storage period reveal that increase in REC of 

all treatments was observed with passage of storage period (Fig. 37). Highest 

Relative electrical conductivity was noted during week five in control. 

 Treatment means in Table 39.2 show that SA 1.5 and 2.0 mmol L-1 

concentrations respectively had highest resistance to REC (53.18) as compared 

with other treatments during five week storage for the year 2009. While highest 

REC (60.63) was recorded in control fruits.  Higher  SA concentrations (1.5 and 2.0 

mmol L-1) were found non significant and lower concentrations (0.5 and 1.0 mmol 

L-1) also remained non significant. Weekly intervals show consistent increase for 

REC in peach fruit with progress in storage period (Fig. 37). Maximum relative 

electrical conductivity was noted in control fruit on week five of the experiment.  

 Electrolyte leakage is an index which can quantify the damage conceived by 

plant cell membrane. During postharvest physiological changes, membrane leakage 
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Table 39.1: Effect of different concentrations of salicylic acid on relative electrical 

        conductivity  of peach  fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC during   

        the year 2009. 

 

 

 

Table 39.2: Effect of different concentrations of salicylic acid on relative electrical 

        conductivity of peach fruit  cv.‘Flordaking’  stored at 0 ±0.3 ºC during 

        the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period-weeks (weeks)  

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             32.83jk 39.51e-i 41.35c-h 45.92a-d 49.65a 48.56ab 42.97A  

SA 0.5 mmol      32.83jk 34.49ijk 36.02h-k 40.66c-h 42.65b-g 46.41abc 38.84B 

SA 1.0 mmol      32.83jk 32.91jk 37.45g-j 44.28a-f 41.49c-h 46.22abc 39.19B 

SA 1.5 mmol  32.83jk 30.85k 37.55g-j 41.75c-h 39.37f-i 45.55a-e 37.98B 

SA 2.0 mmol      32.83jk 31.64jk 33.93ijk 36.51hijk 39.89d-i 41.93c-h 36.12C 

Means** 32.83D 33.88D 37.26C 41.82B 42.613B 45.73A  

                  LSD                 T=1.7927      W=2.0552      TW=6.1338  

Treatment  
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means*
DW Dip              48.33ij 53.45f-j 53.22f-j 64.08cde 68.77bc 75.96a 60.63A  

SA 0.5 mmol      48.33ij 53.10f-j 49.14ij 59.17def 65.17cd 75.07ab 58.33B 

SA 1.0 mmol      48.33ij 49.76hij 50.48g-j 56.65fgh 65.83cd 73.66ab 57.45B 

SA 1.5 mol  48.33ij 50.57g-j 47.71j 54.10f-j 57.47efg 66.07cd 54.04C 

SA 2.0 mmol      48.33ij 48.38ij 47.93ij 55.07f-i 54.99f-i 64.40cde 53.18C 

Means** 48.33E 51.05D 49.70DE 57.81C 62.44B 71.03A  

               LSD                 T=2.0908      W=2.3970      TW=7.1537  
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Fig.   37: Effect of different  concentrations of  salicylic acid on relative electrical  

    conductivity of ‘Flordaking’ peach fruit during the years 2009 and 2010  

    stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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is the key factor which causes a surge of biochemical reactions (Maragoni et al., 

1996). Due  to  damage  mediated  by  increased free  radical  and  loss  of 

membrane integrity results in more ion leakage characterized by plant tissue 

senescence and ripening in fruits (Stanley, 1991; Ferrie et al., 1994; Palma et al., 

1995) further these damages lead to deteriorated cell wall texture (Powell and 

Bennett, 2002). SA (1 mM) pretreatment of grain before sowing significantly 

decreased electrolyte leakage in barley seedlings under salt stress condition (El-

Tayeb, 2005). Free radicals are responsible for peroxidation of lipids resulting in 

cells damage by deactivating membrane enzymes and receptors, depolymerising 

polysaccharides, cross linking and fragmenting proteins. All out of this membrane 

texture collapses and cell function becomes abnormal (Rahman, 2003; Ng et al., 

2005).   

According to this study results all the treatments enhanced relative electrical 

conductivity as the storage period progressed, however, control fruits showed 

greater rate of REC during five week storage period for both years. There was no 

significant difference within the SA concentrations except for 2.0 mmol L-1 SA. 

This suggests that salicylic acid had positive effects on REC of peach fruit cv. 

‘Flordaking’. There was no difference among all the treatments during first two 

weeks. Later on control fruits had increased levels of REC than SA treated fruits. 

At later stage SA might have contributed in inhibiting senescence which has also 

been similarly documented by Han et al. (2003).  

3.6.23 Effect of Salicylic Acid on Texture 

Means for treatments indicate significant differences among the treatments 
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Table 40.1: Effect of  different   concentrations  of  salicylic  acid on  texture of  

        peach fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

Table 40.2: Effect  of  different  concentrations  of  salicylic  acid  on texture of  

        peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             8.26abc 7.83a-g 7.86a-f 6.00e-i 5.03hi 4.96i 6.66C 

SA 0.5 mmol     8.26abc 8.03a-e 8.23a-d 6.26b-i 5.83f-i 5.66ghi 7.05BC 

SA 1.0 mmol     8.26abc 8.43ab 7.90a-f 6.46a-i 6.06d-i 5.83f-i 7.16ABC 

SA 1.5 mol  8.26abc 8.56a 7.66a-g 6.80a-i 6.73a-i 6.23c-i 7.37AB 

SA 2.0 mmol     8.26abc 8.56a 8.13a-e 7.66a-g 7.20a-h 6.86a-i 7.78A 

Means** 8.26A  8.28A 7.96A 6.64B 6.17B 5.91B  

                LSD                 T=0.6365      W=0.7297      TW=2.1779  

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              8.40a 7.86a 7.56abc 5.73e-i 4.66hi 4.56i 6.46C 

SA 0.5 mmol       8.40a 7.90a 7.70ab 5.96d-h 5.20fghi 4.96ghi 6.68BC 

SA 1.0 mmol       8.40a 8.06a 7.96a 5.93d-h 5.50e-i 5.06f-i 6.82BC 

SA 1.5 mmol  8.40a 8.06a 8.00a 6.30c-f 5.86e-i 5.63e-i 7.04AB 

SA 2.0 mmol       8.40a 8.06a 8.03a 7.20a-d 6.53b-e 6.06d-g 7.38A 

Means** 8.40A  7.99AB 7.85B 6.22C 5.55D 5.26D  

                LSD                  T=0.3881      W=0.4449      TW=1.3279      
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Fig.   38: Effect of different concentrations of salicylic acid on fruit texture of   

    peach  fruit cv. ‘Flordaking’  during  the years 2009 and 2010 stored  

    at 0 ±0.3 ºC. Vertical bars indicate ± SE of means. 
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for texture of  peach  fruit cv. ‘Flordaking’ during  five  week  storage  period  for 

the year 2008 (Table 40.1). Maximum texture scores (7.78) were recorded in fruits 

treated with 2.0 mmol L-1 SA compared with control. While minimum texture score 

(7.05) was noted in control fruits compared with SA concentrations. Weekly 

interval results show that in general, texture decreased in peach fruits with the 

passage of storage period (Fig. 38). However, this declining trend was relatively 

stable during first two weeks.   

The texture results for the year 2009 showed significant differences among 

the treatments applied on peach fruits cv. ‘Flordaking’ during five week storage 

period (Table 40.2). 2.0 mmol L-1 SA had highest score (7.38) of texture compared 

with control. While on the other hand control fruits were recorded lowest texture 

scores (6.46). Means regarding weekly intervals indicate a gradual decrease in 

texture of all treated and control fruits during storage period (Fig. 38).   

Apart from common use of penetrometer for the measurement of fruit 

texture, other ways are also used for the purpose, including by visual appearance of 

fruit, touching and sensing through mouth muscles. Fruit texture is mainly 

attributed to cell wall integrity and stored carbohydrates such as pectin, starch etc. 

Current study findings pertaining to texture remained highly significant among the 

treatments during five week storage period. Highest score for texture was found in 

peach fruits treated with SA 2.0 mmol L-1 concentration compared with control.  

Similar results have also been reported on peach fruits treated with SA during 

storage period (Abbasi et al., 2010). This study reveals that least fruit texture was 

recorded in control fruits. Lower SA concentrations had very little effect on fruit 
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texture when compared with control. Increased textural properties may be due to 

decreased breakdown of insoluble pectic substances. Weichmann (1987) similarly 

stated that the activity of pectic enzymes (esterase and polygalacturonidase) is 

involved in the breakdown of insoluble pectin forms to soluble forms. Means for 

weekly intervals indicate significant changes in texture of peach fruits. Overall, 

gradual scoring decrease in peach fruits texture depicts hydrolytic changes in the 

fruits resulting in exhaustion of sugar compounds and decrease in firmness can be 

correlated with fruit texture.    

3.6.24  Effect of Salicylic Acid on Flavor  

The flavor of peach fruit cv. ‘Flordaking’ was significantly affected by 

salicylic acid different concentrations (Table 41.1). 2.0 mmol L-1 SA registered 

highest scores (7.58) for flavor in fruit during five week storage period for the year 

2008. Decreased flavor values (6.57) were observed in control fruits compared with 

SA concentrations. Average means of weekly intervals reveal a consistent decline 

in flavor of fruits during storage period (Fig. 39). 

Treatments means for flavor reveal that 2.0 mmol L-1 SA had maximum 

flavor values (7.47) compared with other treatments for the year 2009 (Table 41.2). 

Lowest flavor values (6.41) were noted in control compared with rest of the 

treatments during five week storage period. Results pertaining to weekly intervals 

show a permanent decrease in fruit flavor (Fig. 39). 

Fruit flavor is an important factor which has vital role in consumer’s 

acceptability and promotes their economic consumption demand (Pelayo et al., 

2003). The combination of taste and aroma is called flavor. Flavor is perceived in 
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Table 41.1: Effect of different concentrations of salicylic acid on flavor of  peach  

        fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

 

Table 41.2: Effect of different concentrations of salicylic acid on flavor of   peach  

        fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)  

 

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              8.53a 7.93abc 7.20b-e 5.86f-i 5.13hi 4.80i 6.57D 

SA 0.5 mmol       8.53a 7.80abc 7.80abc 6.43def 5.70f-i 5.20ghi 6.91CD 

SA 1.0 mmol       8.53a 8.06ab 7.60a-d 6.60def 5.83f-i 5.76f-i 7.06BC 

SA 1.5 mmol  8.53a 8.06ab 7.86abc 6.76c-f 6.33efg 6.23e-h 7.30AB 

SA 2.0 mmol       8.53a 8.20ab 8.10ab 7.26b-e 7.10b-e 6.30e-h 7.58A 

Means** 8.53A  8.01B 7.71B 6.58C 6.02D 5.66D  

                LSD                 T=0.3419      W=0.3920      TW=1.1699  

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip               8.13a 7.76ab 7.06cd 6.00fgh 4.90jk 4.63k 6.41D 

SA 0.5 mmol       8.13a 8.10a 7.36bc 6.33efg 5.40hij 5.00jk 6.72C 

SA 1.0 mmol       8.13a 7.90ab 7.46bc 6.70de 5.66hi 5.20ijk 6.84C 

SA 1.5 mmol  8.13a 7.83ab 7.70ab 6.90cde 6.46d-g 5.93gh 7.16B 

SA 2.0 mmol       8.13a 7.80ab 7.93ab 7.46bc 6.96cd 6.56def 7.47A 

Means** 8.13A  7.88B 7.50C 6.68D 5.88E 5.46F  

                LSD                 T=0.1765      W=0.2024      TW=0.6040   
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Fig. 39: Effect of different concentrations of salicylic acid on flavor of peach fruit 

   cv. ‘Flordaking’  during  the  year 2009 and 2010 stored at 0 ±0.3 ºC.        

   Vertical bars indicate ± SE of the means. 
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result of taste sensing of food by taste buds on the tongue and the aroma 

compounds detected by the epithelium in the olfactory organ in the nose. 

Present study came across to significant results for SA concentrations effect 

on flavor of peach fruit cv. ‘Flordaking’ during storage period for both years. SA 

2.0 mmol L-1 concentration scored highest for flavor as compared with control. 

Decreased scores for flavor as observed in control fruits. The interaction between 

SA concentrations and weekly intervals were also found significant. Overall, there 

was decreasing trend for flavor of peach fruits during five week storage period. SA 

treatments proved to be better than non treated peach fruits for flavor. This may be 

due to SA higher concentrations were able to maintain fruit quality attributes like 

increased fruit firmness, SSC, TA, decreased pH etc. during storage period. Our 

results are supported by Kader (1990) who stated that high sugars and relative acids 

content were involved in better strawberry flavor. Miller et al. (1998) reported that 

‘Delicious’ apples with higher coloration had low acetate ester content resulting in 

low flavor quality. Present study has also showed higher coloration in control peach 

fruits corresponding with the decreased scores for flavor. 

3.6.25  Effect of Salicylic Acid on Taste   

Results regarding taste show peach fruit cv. ‘Flordaking’ was significantly 

affected during five week storage period for the year 2008 (Table 42.1). The 

increased taste scores were recorded in 2.0 mmol L-1 SA compared with control 

fruits. Least taste scores (6.66) were registered by control fruits. Weekly means for 

taste show no changes in taste for first two weeks thereafter declined untill the end 

of storage period (Fig. 40). 
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Table 42.1: Effect of different concentrations of salicylic acid on taste of peach  

        fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

         

 

 

Table 42.2: Effect of different concentrations of salicylic acid on taste of peach   

        fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              8.10a 8.00a 7.50ab 6.10cde 5.40ef 4.90f 6.66D 

SA 0.5 mmol      8.10a 8.06a 7.73ab 6.80bcd 5.70ef 5.36ef 6.96CD 

SA 1.0 mmol      8.10a 8.06a 7.73ab 6.90bc 6.16cde 5.76def 7.12BC 

SA 1.5 mmol  8.10a 8.06a 7.96a 7.30ab 6.86bc 6.16cde 7.41AB 

SA 2.0 mmol      8.10a 8.16a 8.00ia 7.73ab 7.23ab 6.86bc 7.68A 

Means** 8.10A  8.07A 7.78A 6.96B 6.27C 5.81D  

               LSD                 T=0.3062      W=0.3511      TW=1.0477   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip              8.00a 7.60ab 7.03cde 6.63ef 5.76g 5.13h 6.69D 

SA 0.5 mmol      8.00a 7.73ab 7.20bcd 6.90de 6.03g 5.13h 6.83D 

SA 1.0 mmol      8.00a 7.63ab 7.50abc 7.20bcd 6.13fg 5.60gh 7.01C 

SA 1.5 mmol  8.00a 7.80a 7.76a 7.63ab 6.80de 5.96g 7.32B 

SA 2.0 mmol      8.00a 7.66ab 7.96a 7.90a 7.53abc 7.00cde 7.67A 

Means** 8.00A  7.68B 7.49C 7.25D 6.45E 5.76F  

LSD                 T=0.1642      W=0.1882      TW=0.5618   
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Fig.   40: Effect of different concentrations of salicylic acid on taste of peach fruit  

     cv.  Flordaking’  during  the  years  2009  and  2010 stored at 0 ±0.3 ºC.  

     Vertical bars indicate ± SE of the means. 
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The taste of peach fruit scores (7.67) remained maximum throughout the 

experiment during five week storage period for the year 2009 (Table 42.2). Lowest 

taste values (6.69) were observed in control fruits compared with SA 

concentrations. 0.5 mmol L-1 SA and control remained statistically at par. Weekly 

interval results indicate a continual decrease in fruit taste as storage period 

progressed (Fig. 40). 

Taste of fruit is essentially because of soluble solids content and acids ratio 

and perceived by specialized taste buds on the tongue. Different types of tastes 

exist however, there are four main prevailing chemical sensations, sweet, sour, 

bitter and salty among which sweet and sour tastes are predominant. Bitterness 

predominate some fruits while saltiness is a rare factor in fresh fruits taste (Rathore 

et al., 2007). Fruits having sweet taste due to sugars and sourness because of 

organic acids are main components of many fruits taste (Kays, 1991).  

According to our findings taste scores were found significantly different 

among all the treatments during storage period for both years. SA 2.0 mmol 

concentration had higher scores for taste as compared with other treatments 

whereas lower scores for taste were registered by control. Abbasi et al. (2010) have 

also reported similar results that SA treatment showed maximum scores for taste in 

peach fruits cv. “Maria Delicia” during six week storage period. The interaction 

between treatments and weekly intervals reveal that during the year 2008, taste in 

peach fruits stayed stable for first two weeks then declined for rest of storage 

period, while a linear decline throughout the storage period was found during the 

year 2009. As per reported earlier research results that in fruits sugars and acids are 
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primary taste compounds. Other results of this study have shown increased SSC in 

SA treated fruits maintaining the quality traits intact. That’s why according to our 

study case SA treated fruits had higher taste scores compared with control. It has 

been reported that fruit pH, TA and SSC:TA ratio are also well related to sourness, 

astringency and biting (Malundo et al., 2001).  

3.6.26  Effect of Salicylic Acid on Overall Acceptability 

Overall acceptability of peach fruit cv. ‘Flordaking’ was found significantly 

different among the treatments for the year 2008 (Table 43.1). Highest overall 

acceptability was recorded in fruits treated with 2.0 mmol L-1 SA compared with 

control. Least overall acceptability scores (6.63) were noted in control. Lower 

concentrations of SA (0.5 mmol L-1 and 1.0 mmol L-1) were found non-significant 

during five week storage period (p < 0.05). Results regarding weekly intervals 

showed that overall acceptability of peach fruit declined with the progress in 

storage period (Fig. 41). 

 Peach fruits treated with highest SA concentration (2.0 mmol L-1) had 

maximum scores (7.51) of overall acceptability during storage period for the year 

2009 (Table 44.2). Lowest overall acceptability scores (6.52) were noted in control 

fruits compared with rest of the treatments. As per means of weekly intervals, 

overall acceptability of peach fruits constantly decreased during the storage period 

(Fig. 42).   

 Overall acceptability was calculated from the corresponding average means 

of fruit texture, taste or flavor. Peaches are subject to deterioration after harvest due 

to rapid  physiological  changes  during  storage  and marketing. They influence the  
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Table 43.1: Effects  of  different  concentrations  of  salicylic  acid  on  overall  

        acceptability  of  peach  fruit  cv. ‘Flordaking’  stored  at 0 ±0.3 ºC  

        during the  year 2009.  

   

 

 

Table 43.2: Effects  of  different  concentrations  of  salicylic  acid  on  overall  

        acceptability  of  peach  fruit  cv.‘Flordaking’  stored  at 0 ±0.3 ºC  

                   during the the year 2010 

 

*, ** = Means followed by different letters are significantly different at P < 0.05 

           (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             8.30a 7.92ab 7.52abc 5.99f-i 5.18ij 4.88j 6.63D 

SA 0.5 mmol      8.30a 7.96ab 7.92ab 6.50d-g 5.74ghi 5.41hij 6.97C 

SA 1.0 mmol      8.30a 8.18a 7.74abc 6.65def 6.02fgh 5.79ghi 7.11C 

SA 1.5 mmol  8.30a 8.23a 7.83ab 6.95cde 6.64def 6.21e-h 7.36B 

SA 2.0 mmol      8.30a 8.31a 8.08a 7.55abc 7.18bcd 6.68def 7.68A 

Means** 8.30A  8.12A 7.82B 6.73C 6.15D 5.79E  

               LSD                 T=0.2356      W=0.2702      TW=0.8063   

Treatment  
Storage period (weeks)   

Salicylic acid 0 1 2 3 4 5 Means* 
DW Dip             8.17a 7.74a-d 7.22def 6.12ijk 5.11no 4.77o 6.52D 

SA 0.5 mmol      8.17a 7.91abc 7.42c-f 6.40hi 5.54lmn 5.03no 6.74C 

SA 1.0 mmol      8.17a 7.87abc 7.64a-d 6.61ghi 5.76klm 5.29mno 6.89C 

SA 1.5 mmol  8.17a 7.90abc 7.82abc 6.94fgh 6.37ij 5.84jkl 7.17B 

SA 2.0 mmol      8.17a 7.84abc 7.98ab 7.52b-e 7.01efg 6.54ghi 7.51A 

Means** 8.17A  7.85B 7.61C 6.72D 5.96E 5.49F  

                 LSD                 T=0.1589      W=0.1822      TW=0.5437   
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Fig.   41: Effect of different concentrations of salicylic acid on overall acceptability 

      of peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at       

      0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 



205 
 

fruit appearance, color, texture and flavor that result in great impact on overall 

acceptability of the peach fruit (Garg et al., 2005).  

Results presented of the study showed that overall acceptability scores were 

significantly higher in 2.0 mmol L-1 SA concentration compared with rest of 

treatments while control fruits had least scores for both years during storage period. 

Overall acceptability results in result of net average of sensory attributes (fruit 

texture, taste or flavor), evidently depicts a clear picture about the quality of peach 

fruit cv. ‘Flordaking’ which was greatly regulated and affected by salicylic acid 

(SA) different concentrations. Fruits treated with higher SA concentrations had 

comparatively increased scores than that of lower SA concentrations. Generally, 

decreasing trend was observed for overall acceptability of peach fruits during five 

week storage period. In consonance to our results Babalar et al. (2007) reported 

that all the SA acid concentrations significantly increased overall acceptability of 

strawberry fruits especially 2.0 mmol L-1 salicylic acid was reported with most 

effectual among other concentrations without any negative effects during storage. 

3.7 CONCLUSION 

 Amongst different salicylic acid concentrations applied to peach fruit cv. 

‘Flordaking’, 2.0 mmol salicylic acid significantly reduced weight losses, 

maintained skin color (high L* and low a* values), retained higher SSC, TA, total 

and reducing sugars during storage period.  The enzymatic activities of antioxidants 

(SOD, CAT and POD) were higher in fruits treated with 2.0 mmol SA. Ascorbic 

acid and total phenolics content were also significantly high whereas PPO activity 

and relative electrical conductivity remained significantly at low leveles. Highest 
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overall acceptability scores were obtained by highest SA (2.0 mmol) concentration 

as compared with that of other concentrations and control fruits during five week of 

storage for both years of study.        
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Chapter 4 

 

EFFECT OF OXALIC ACID TREATMENTS ON STORAGE 

LIFE OF PEACH FRUIT CV. ‘FLORDAKING’ 

 

4.1 ABSTRACT 

 Highly perishable postharvest life of peach fruit is major hindrance towards 

long storage. Exogenous treatments are essential for delayed or inhibited 

physiological degrading process which curbs the fruit quality. Treatments with 

different chemicals have been proven beneficial since they remove from the fruit 

surface enzymes and substrates released from injured cells and further leakage can 

be reduced. Hence, a study was designed to evaluate the oxalic acid (OA) 

treatments effectivity on peach fruit cv. ‘Flordaking’ regarding fruit quality during 

storage period of five weeks. Prior to storage fruits were subjected to five minutes 

dipping in aqueous solution of OA at different concentrations (1.0, 2.0, 3.0 or 4.0 

mmol) then stored at 0 ºC and 90% RH. To assess the effect of OA different 

physiological and chemical analysis were taken out including changes in weight 

loss, skin color, soluble solids content, TA, SSC:TA ratio, pH, fruit firmness, 

sugars (total sugars and reducing sugars), FRSA, antioxidant enzymes (SOD, CAT, 

POD and PPO) activity, phenolics, ascorbic acid, membrane leakage and 

organoleptic evaluation (texture, flavor, taste and overall acceptability). Highest 

OA (4.0 mmol) concentration significantly decreased fruit weight losses, increased 

L* and decreased a* values, maintained higher flesh firmness during five weeks 



208 
 

storage period. OA highest (4.0 or 3.0 mmol) concentrations were recorded with 

highest FRSA and lowest PPO activity with significant superiority. Antioxidant 

enzymes (SOD, CAT and POD), ascorbic acid, and phenolics content was observed 

significantly higher whereas decreased membrane leakage was noted in fruits 

treated with 4.0 mmol OA. Sensory evaluation of peach fruit cv. ‘Flordaking’ was 

significantly affected by 4.0 mmol OA. Texture, flavor, taste and overall 

acceptability were registered with significantly highest scores in fruits treated with 

4.0 mmol OA. 

4.2 INTRODUCTION 

Several kinds of edible chemicals, acidulants and reducing agents are in use 

for the extention of postharvest life of fruits. Oxalic acid being an organic acid 

received much attention for food preservation (Zheng et al., 2007). Oxalic acid has 

been found in different vegetables, fruits, meat (liver and kidney), cocoa, tea and 

coffee (Franceschi and Nakata, 2005). It is also used as pre storage treatment to 

enhance the postharvest life of fruits. Oxalic acid is not only a potential anti 

browning agent postharvest application to vegetables (Castaner et al., 1997), 

banana slices (Yoruk et al., 2002), and litchi fruits (Zheng and Tian, 2006), but has 

also been proved as a natural antioxidant in the natural and artificial safeguarding 

of oxidized materials from deterioration (Kayashima and Katayama, 2002). 

Literature provided a little information about non toxic levels of oxalic acid for pre 

cold storage application to peach fruit. 

Although, antioxidative activities in stored fruits are observed with decrease 

along with onset of senescence (Srilaong and Tatsumi, 2003) but this can be 
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delayed by an efficient antioxidative system in harvested fruits (Lacan and Baccou, 

1998; Mondal et al., 2004). Oxalic acid significantly increased antioxidant enzymes 

activity thus, increased postharvest life of peach fruit by delaying ripening during 

storage at room temperature (Zheng et al., 2007). 

Peach fruit after harvest becomes susceptible to diseases and deterioration 

in quality due to rapid ripening. To avert this situation search for alternatives like 

application of different food grade treatments that would delay peach fruit ripening 

which leads to explore different OA (oxalic acid) concentrations on peach fruit’s 

biochemical and physiological processes during cold storage.  

4.3 REVIEW OF LITERATURE 

4.3.1 Extention of Postharvest Life by Application of Chemicals 

 Several types of chemicals refined from natural products like oxalic acid are 

utilized for fruits postharvest life extention. The usage of these edible chemicals as 

additives in food are acknowledged and they also reduce diseases infestation in 

harvested vegetables and fruits (Eckert, 1991; Smilanick et al., 1999). However, 

these usages of chemicals are confined to nontoxic compounds which do not 

change natural taste and flavors (McEvily et al., 1992; Saper, 1993). These 

chemicals sorted out as “Generally Regarded As Safe” (GRAS) are in use for 

edible products since long time (Niranjala and Karunaratne, 2001). 

4.3.2 Oxalic Acid 

 Oxalic acid (organic acid) is cosmically present in plant kingdom, fungi and 

animals. They are responsible for several important activities in various living 
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organisms (Libert and Franceschi, 1987; Shimada et al., 1997). OA normally 

contained in vegetables and fruits, as in rhubarb, beet root and spinach at rate of 100-

780 mg/ 100g fresh weight (Hodgkinson, 1977), is extracted from vegetables and 

used as antibrowning agent (Son et al., 2000). Recently, oxalic acid treatment has 

got much consideration for induction of systemic resistance and antioxidant systems 

(Malencic et al., 2004; Mucharroman and Kuc, 1991; Tian et al., 2006; Zhang et al., 

1998; Zheng et al., 1999) that make it further vital for postharvest treatment to fruits. 

For instance, Malencic et al. (2004) reported that antioxidant systems in different 

sunflower genotypes were influenced by different concentrations of oxalic acid. As 

oxalic acid is available as a natural antioxidant, might have played a vital role in 

preservation of oxidised commodities naturally or unnaturally (Kayashima and 

Katayama, 2002). So far, OA is being used as an antibrowning agent in harvested 

vegetables (Castaner et al., 1997), mushroom (Sato, 1980; Son et al., 2000), spinach 

(Sato, 1980), sunflower (Marciano et al., 1983) apple slices (Son et al., 2000; Ferrar 

and Walker, 1993; Yoruk and Marshall, 2003), litchi fruit (Zheng and Tian, 2006) 

and banana slices (Yoruk et al., 2002) by decreasing PPO activity (Yoruk, et al., 

2002) responsible for browning in harvested vegetables and fruits. PPO activity is 

inhibited by oxalic acid by binding, chelating and removing of active site of Cu 

(copper) from the enzyme (Son et al., 2000; Yoruk and Marshall, 2003). Several 

researchers have reported that OA causes enhancement in peroxidase activity and 

synthesizes new peroxidase isoforms hence, induces systemic resistance of plants 

(Zhang et al., 1998 and Zheng et al., 1999). It is also involve in intrinsic heat 

tolerance in plants by enhancing membrane integrity as reported by Zhang et al. 

(2001) that oxalic acid significantly increased intrinsical heat tolerance of pepper 

leaves. Oxalic acid delayed ripening of mango fruit along with reduced decay during 



211 
 

storage (Zheng et al., 2005). Exogenous oxalic acid treatment to mango fruits 

increased tolerance to chilling-temperature stress and also attributed to their 

capability to curb O2
‐    increase and delay in decrease of H2O2 (Zhan-Sheng et al., 

2007). Oxalic acid treatment to peach fruit stored at room temperature, slowed down 

the respiration rate, increased the antioxidants enzymes activity, retained membrane 

integrity and in result fruits ripening processes was delayed (Zheng et al., 2007). 

Oxalic acid application to jujube fruit at a concentration of 5 mmol significantly 

inhibited blue mold rot (caused by Pencillium expansum) which led to lower disease 

occurrence in OA treated fruit (Wang et al., 2009).  

4.3.3 Role of Peroxidases 

 Peroxidases are a class of copper proteins and present in bacteria to 

mammals (Robb, 1984). The peroxidases (POD) are commonly found in leaves, 

stems and roots of plants and respond to stress in higher plants (Gaspar et al., 1981 

and Takahama, 2004) and these are responsible for many metabolic processes in 

plant including catabolising auxins, formation of bridges among cell wall 

constituents and oxidizing of cinnamyl alcohols prior to their polymerization during 

suberin and lignin formation (Quiroga et al., 2000; Lejaa et al., 2003). Plants PODs 

have been divided into two groups; group I peroxidases use ascorbic acid as 

preferential electron donor while class II peroxidases use phenolics as the 

preferential electron donors (Welinder and Gajhede, 1993). Many researchers have 

ascertained that group I peroxidase isozymes were commonly found in chloroplasts 

(Asada, 1992, 1999; Niyogi, 1999), cystol (Asada, 1992) and perixomes (Ishikawa et 

al., 1998; Yamaguchi et al., 1995). Group I peroxidases function as H2O2 scavenger 

and formed in these organelles (Asada, 1999; Canvin, 1990; Niyogi, 1999). On other 
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hand group II peroxidases are found in vacuoles and in the apoplast (outside the 

plasma membrane) (Andrews et al., 2002; McDougall, 1991, 1992; Otter and Polle, 

1994, 1997; Pedreno et al., 1993, 1995; Ros Barcelo et al., 1991; Takahama, 1992, 

1993; Takahama and Oniki, 1992; Thomas and Jen, 1980). Group II peroxidases 

perform many functions including formation of lignins in the apoplast. Group II 

peroxidases are deposited in the secondary cell walls when development is in 

progress (Pedreno et al., 1995; Sato et al., 1993) and both vacuolar and apoplast 

peroxidases may form brown substances and suberization in result of infection or 

wound to plants (Bernards et al., 1999; Dixon and Paiva, 1995). 

 POD present in cell walls utilize H2O2 to produce phenoxy compound which 

then produce lignin like compound in result of polymerization (Greppin et al., 1986). 

Many types of PODs are present in plant kingdom; contrasting to CAT, while they 

need substrate for catalysis: 

2H2O2     2H2O +  O2  (CAT) 

H2O2  +  RH2       2H2O +  O2 (POD) 

 Peroxidases and polyphenol oxidase enzymes mainly contribute in quality 

loss of fruits and vegetables because of phenolics degradation (Francois and Espin, 

2001). Activation of O2 species in plants cells results in reaction with unsaturated 

fatty acids which leads to membrane lipids peroxidation in the plasmalemma or 

intracellular organelles. It results in desication,  cellular contents leakage thus cells 

destruction in plant tissues which cause cell mortality (Scandalios, 1993b). 

Phenolic compound leakage from the vacuoles because of peroxidation of 

plasmalemma, facilitates the polyphenol oxidase reaction. Due to superoxide 
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dismutase activity superoxide free radicals dismutation results in production of 

hydrogen peroxide which are cleared by catalase and peroxidase through catalytic 

reactions (Mo et al., 2008).  

Fruits are subjected to increases in peroxidase activities during their 

maturation and senescence (Aydin and Kadioglu, 2001). According to El-hilali et 

al. (2003) who observed that specific activity of POD in mandarin fruit enhanced 

steadily during 30 days storage (at 4 ºC). Peach fruit exhibited increased POD 

activity when treateted with higher concentration of oxalic acid than lower 

concentration and that of control fruit (Zheng et al., 2007). Tian et al. (2006) 

observed that pear fruits increased defense related enzymes (POD, PPO and PAL) 

when treated with oxalic acid.  

4.3.4 Role of Polyphenol oxidase 

  Polyphenol oxidase (PPO) is primarily responsible for browning in 

harvested vegetables and fruits which result in deterioration of quality and great 

economic losses. PPO enzyme causes browning when tissues of plants and fruits 

get damaged. This is because polyphenol oxidase is a Cu (copper) enzyme that 

catalysis oxidation of o-diphenols to o-quinones (diphenolase, catecholase activity) 

in the presence of oxygen (Ding et al., 1998) and it is first phase in polmerization 

of phenolics into o-quinones. These yellow color primary compounds of o-

quinones are reactive, and remain non stable. They can interract with each other 

and yield polymers of high molecular weights, form macromolecular complexes 

with amino acids or proteins and oxidize compounds of lower oxidation-reduction 

potentials (Vamos-Vigyazo, 1995). Non-enzymatic reactions with oxygen lead to 
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additional reactions to relatively dark colored insoluble polymers called as 

melanins (Whitaker et al., 1997). Melanins work as barriers and posses 

antibacterial attributes and `protect plant tissues against damage and infection. 

According to Nicolas et al. (1994) pigments differ in hue and intensity which 

depends on type of phenols from which they arise and  environmental  factors of 

the oxidation reaction as well. 

Generally, polyphenol oxidase activates when ripening, senescence or stress 

conditions and especially damage to membranes yield increased polyphenol 

oxidase activities (Mayer and Harel, 1991). If threre is damage to cell walls and 

cellular membrane then enzymes caused oxidation will start at higher rates 

(Martinez and Whitakar, 1995). According to the findings of Richardson and 

Hyslop (1985) were able to retard polyphenol oxidase activities by bringing down 

pH, and or chelating Cu (copper) in edible items. Yoruk and Marshall (2003) 

reported that oxalic acid markedly inhibited PPO activity in fresh-cut surfaces of 

‘Red Delicious’ apples in comaparison to other dicarboxylic acids (malomic, 

succinic or glutaric acids). In another study PPO activity was decreased in ‘Gala’ 

apples by oxalic acid through its acidulent ability (Ferrar and Walker 1993). 

As many other compounds having anti browning properties including OA 

(oxalic acid), AA (ascorbic acid) and thiol compounds suchlike cystein are used. 

Some antibrowning agents have antioxidants capabilities as well (Altunkaya and 

Gokmen, 2008). PPO activity or browning in vegetables and fruits is retarded by 

storing them in low temperature storages, atmospheric modifications or controlled 

atmosphere or watchful handling of products (Shewfelt, 1994). 
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4.3.5 Polyphenol Oxidase Substrates 

Generally, a wide range of phenolic compounds are found in vegetables and 

fruits of which normally contained are benzoic acids, cinamic acids, flavonols, 

tannin precursors and anthocyanins; it is pertinent to mention here that just few 

compounds work as polyphenol oxidase substrate since the enzyme doesn’t work 

on glycosides. Catechins, cinnamic acid esters are naturally essential substrates 

which includes chlorogenic acid and their isomers 3,4-dihydroxyphenyl alanine 

(DOPA) and tyrosine (Macheix et al., 1990; Crumiere, 2000). 

4.3.6  Polyphenol Oxidase Sources 

Polyphenol oxidases are present in tissues of many plants such as apple 

(Harel et al., 1966), pears, grape (Rivas and Whitaker, 1973), potato (Craft, 1966) 

and tea (Zawistoski et al., 1991), in some seeds suchlike coffee and cocoa, in 

microorganism like fungi and bacteria (Vamos-Vigyazo, 1981) and in few animals 

for instance insects (Sugumaran, 1988), orthropoda, animals and mankind (Witkop, 

1985). The presence of polyphenol oxidase in plants cell depends on the species, 

age and maturity stage of vegetables and fruits. Furthermore, in intact (uncut) 

vegetables and fruit, naturally available substrate is separated from polyphenol 

oxidase enzyme through compartmentalization in regard to restrict browning 

(Marques et al., 1995; Crumiere, 2000). 

Polyphenol  oxidase  activity  suppression capability of oxalic acid is based 

on its binding and chelation ability of Cu (copper) at active site, with or without the 

presence of any substrate (Yoruk and Marshall, 2003; Sato, 1980b; Yong et al., 
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1990; Son et al., 2000). Fruit and vegetable quality is often affected by PPO-

catalyzed browning during storage. The fruits or vegetables are subjected to rapid 

browning after peeling, slicing, bruising or disease which causes color shift, 

flavors, texture and dietary value (Mathew and Parpia, 1971; Matheis and 

Whitaker, 1984; Yoruk and Marshall, 2003). To curb this deterioration caused by 

PPO enzymatic activity oxalic acid has been used and found beneficial such as its 

application to apples (Ferrar and walker, 1993), litchi fruit (Zheng and Tian, 2006), 

sweet cherry (Pifferi et al., 1974), spinach (Sato, 1980a and 1980b) and mushroom 

(Yong et al., 1990; Son et al., 2000). 

4.4 MATERIALS AND METHODS 

Peach fruits were washed with DW to remove dust or any residue. Same 

number (1,260) of fruits selected as described in section 3.4 was used in this 

experiment. Fruits were into two lots, one lot consisted of 1,125 and second lot 

consisted of 135 fruits and then each lot was divided into five groups. The fruits 

were dipped in oxalic acid aqueous solution for five minutes. The OA aqueous 

solutions were prepared as per following concentrations: 

i- Control (treated/dipped in distilled water) 

ii- Oxalic acid @ 1.0 mmol L-1 

iii- Oxalic acid @ 2.0 mmol L-1 

iv- Oxalic acid @ 3.0 mmol L-1 

v- Oxalic acid @ 4.0 mmol L-1 
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The fruits of each treatment were replicated three times and placed in 

corrugated carton boxes touching each other. Then the same were stored in cold 

store at 0 ±0.3 °C with 90 ±4% RH.  

Second lot of 135 peach fruits was placed treatment wise in corrugated 

boxes and stored separately in the same cold store as described in previous 

experiment. This lot of 135 fruits was used for fruit weight loss, skin color 

measurement. Then the same lot was divided into five groups (according to the 

treatments) and each group consisted of three replicates. Every replicate having 

nine fruits were numbered (1-9) and kept intact throughout the experiment with 

other lot in same cold store. 

 Twelve fruit were randomly sampled and analyzed on day zero and at seven 

days intervals from all replications of all treatments. These fruits were analysed for 

fruit firmness, SSC (soluble solids content), pH, TA (titratable acidity), sugars 

(total and reducing), ascorbic acid content and relative electrical conductivity were 

carried out by separating sample portions from fruit then at same time data were 

recorded to ascertain the effect of different concentrations of oxalic acid. For 

enzymatic activity, free radical scavenging activity, ascorbic acid and total 

phenolics content, same procedure was followed as explained in section 3.4. 

 Data on the following parameters as described with detail in section 3.4 was 

recorded to determine the effect of different concentrations of oxalic acid: 

 Weight Loss 

 Fruit Skin Color (L*, a*,  b*, C* and hº) 
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 Fruit Firmness 

 Soluble Solids Content 

 Titratable Acidity 

 Soluble Solids Content and Titratable Acidity Ratio (SSC:TA) 

 Fruit pH 

 Sugars 

 Reducing sugars 

 Total sugars  

 Non-reducing sugars 

 Ascorbic Acid Content 

 Radical Scavenging Activity Assay 

 Cell Free Enzymes Extraction 

o Superoxide Dismutase Activity Assay 

o Catalase Activity Assay 

o Peroxidase Activity Assay 

o Polyphenol Oxidase 

 Protein Determination 
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 Total Phenolics Content 

 Relative Electrical Conductivity  

 Sensory Evaluation 

o Texture 

o Flavor  

o Taste 

o Overall Acceptability 

4.5 STATISTICAL ANALYSIS 

 The experimental layout and statistical analysis were carried out according 

to mentioned procedure in section 3.5.  

4.6 RESULTS AND DISCUSSION 

4.6.1 Effect of Oxalic Acid on Percent Weight Loss 

Treatment means of percent weight loss in peach fruit cultivar ‘Flordaking’ 

revealed significant differences among the treatments (Table 44.1) for the year 

2008. Excessively high losses of fruit weight (9.64) were recorded in control while 

least weight loss (4.01) was observed in fruits treated with higher concentration of 

oxalic acid (2.0 mmol) as compared with control. All the OA concentrations except 

2.0 mmol showed no significance (p < 0.05) for percent weight loss in fruits 
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Table 44.1: Effects of different concentrations of oxalic acid on percent weight  

       loss of peach fruit  cv. ‘Flordaking’  stored  at 0 ±0.3 ºC  during the 

       year 2009. 

 

 

 

 

Table 44.2: Effects of different concentrations of oxalic acid on percent weight  

        loss  of peach  fruit cv. ‘Flordaking’  stored at 0 ±0.3 ºC  during  the  

                   year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip              0.00l 3.31ijk 5.88g 8.23f 15.82bc 24.60a 9.64A       
OA 1.0 mmol     0.00l 2.40jk 3.08ijk 4.58ghi 7.91f 16.49b 5.74B 
OA 2.0 mmol     0.00l 2.40jk 2.96ijk 4.11hij 7.95f 14.97cd 5.28BC 
OA 3.0 mmol  0.00l 2.43jk 3.85h-k 4.71ghi 5.23gh 12.65de 4.84C 
OA 4.0 mmol     0.00l 2.12k 2.36jk 3.69h-k 4.70ghi 11.19e 4.01D 

Means** 0.00F 2.53E 3.62D 5.06C 8.32B 15.84A 
 

                  LSD                 T=0.5148   W=0.5902    TW=1.7615 

Treatment  
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip              0.00m 4.47l 7.81h-k 11.32efg 19.61b 28.41a 11.93A 

OA 1.0 mmol     0.00m 4.83l 6.76i-l 10.10fgh 16.21cd 21.25b 9.86B 

OA 2.0 mmol     0.00m 2.86l 6.43jkl 9.78fgh 15.05d 19.84b 9.32BC 
OA 3.0 mmol  0.00m 4.48l 5.98jkl 9.21ghi 13.87de 18.87bc 8.73C 
OA 4.0 mmol     0.00m 4.27l 5.75kl 8.56g-j 12.08ef 16.13cd 7.80D 

Means** 0.00F 4.58E 6.54D 9.79C 15.36B 20.90A 
 

 LSD              T=0.8088     W=0.9272    TW=2.7673 



221 
 

 

 

 

 

Fig. 42: Effect of different concentrations of oxalic acid on % weight loss of peach 

   frut cv. ‘Flordaking’ it during the years 2009 and 2010 stored at 0 ±0.3 ºC. 

   Vertical bars indicate ± SE of the means. 
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however, these had lesser weight losses than control during both years. Means for 

weekly intervals showed that weight losses in fruits of all treatments were regularly 

increasing during the entire storage period. Maximum losses in fruit weight were 

noted during week five (Fig. 42).  

   Lowest percent weight loss (7.80) was recorded in fruits treated with 

highest concentration of oxalic acid (4.0 mmol) as compared with control (Table 

44.2) for the year 2009. However, effects of both concentrations were found 

statistically at par (p < 0.05). The values showed that highest losses (14.89) were 

noted in fruits of control. Results for weekly intervals revealed a significant gradual 

increase in loss of fruit weight of all treatments untill the fifth week of experiment 

(Fig. 42). Losses in untreated fruit (control) fruits reached to its peak on week five 

of the experiment while 4.0 mmol OA treated fruits had least losses during the 

same storage period.  

Weight loss is mainly related to respiration through skin, transpiration and 

metabolic process in fruit. Loss of moisture from the fruit and vegetables with time 

passage is associated with shelf life of commodity (Lim-Byung et al., 1998). In 

present trial, in all treatments weight loss started increasing from the first week and 

continued till end of the experiment of both years. Effect of OA lower 

concentrations for weight loss in peaches remained statistically at par at p < 0.05 

level. However, all OA concentrations effectively reduced fruit weight loss as 

compared with control. The interaction between treatments and weekly intervals 

was found significant. Highest weight losses were recorded during week five in 

control while fruits treated with higher OA (4.0 mmol) concentration were found 
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with least weight losses for the same storage period. Lower weight losses in OA 

treated peaches might be due to slower metabolic process resulting in moisture 

retention which is in line with the findings above reported research.   

4.6.2 Effect of Oxalic Acid on Fruit Skin Lightness (L*) Values 

Oxalic acid effect on lightness (L*) in fruit skin was measured with 

significant differences among the treatments for the year 2008 (Table 45.1). Fruits 

of peach cv. ‘Flordaking’ treated with 4.0 mmol L-1 OA, were observed with 

maximum L* (35.28) compared with rest of treatments. Least L* values (30.77) 

were measured in control. Lower OA concentrations were recorded significantly at 

par. It is obvious from the weekly interval means that L* in peach fruit skin 

increased during first week then it decreased constantly untill end of the experiment 

(Fig. 43). 

The lightness (36.02) was found significantly higher in the skin of peach 

fruits treated with OA 2.0 mmol L-1 for the year 2009 (Table 45.2). During five 

week storage period control fruits demonstrated lowest L* (33.72) in peach fruit 

skin. Weekly intervals show L* increased on first week thereafter it declined 

continually until week five (Fig. 43). 

Quality peach fruits with excellent skin color appeal consumers at market. 

Apart from other quality parameters, color is a major factor to create attraction for 

buyer (Studman, 1994).  Lightness (L*) values have great importance and these can 

be attributed to the total pigment in the fruit skin (Silva et al., 2005). Moreover, as 

higher as L* values would be, the freshness of the product would be higher as well.  
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Table 45.1: Effects  of  different  concentrations  of oxalic acid on fruit skin  L* 

                   of  peach fruit  cv.‘Flordaking’  stored at 0 ±0.3 ºC  during  the year  

                   2009. 

 

 

 

 

Table 45.2: Effects  of different  concentrations  of oxalic acid on fruit skin L* 

        of  peach  fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC during the year  

                   2010. 

 

*, ** = Means followed by different letters are significantly different at P 0.05   

 (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip           35.24a-e 36.45abc 32.47c-f 28.88f-i 26.57ghi 25.03i 30.77C 

OA 1.0 mmol   36.49abc 35.54a-d 33.73b-f 32.83c-f 31.10d-g 26.03ghi 32.62B 
OA 2.0 mmol   35.79a-d 39.41a 34.15b-e 33.72b-f 32.33c-f 25.67hi 33.51B 
OA 3.0 mmol  35.39a-d 37.95ab 36.16a-d 34.59a-e 32.67c-f 26.47ghi 33.87AB 
OA 4.0 mmol   34.96a-e 38.70ab 36.63abc 36.25abc 34.90a-e 30.23e-h 35.28A 

Means** 35.58B 37.61A 34.63BC 33.26C 31.51D 26.69E 
 

              LSD          T=1.4896     W=1.7077     TW=5.0966 

Treatment  
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip           35.93ab 35.88ab 34.57ab 33.38abc 32.64bc 29.92c 33.72C 

OA 1.0 mmol   35.48ab 36.34ab 35.54ab 34.01ab 33.73abc 32.39bc 34.58BC 
OA 2.0 mmol   36.09ab 36.15ab 35.98ab 34.74ab 34.18ab 32.81abc 34.99AB 

OA 3.0 mmol  35.48ab 36.81a 36.02ab 34.64ab 35.11ab 34.44ab 35.42AB 
OA 4.0 mmol   36.24ab 36.87a 36.33ab 35.90ab 35.18ab 35.59ab 36.02A 

Means** 35.85AB 36.41A 35.69AB 34.54BC 34.17CD 33.03D  

                  LSD            T=1.1918       W=1.3663     TW=4.0777 
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Fig.  43: Effect of different concentrations of oxalic acid on lightness (L*) of peach 

    fruit  cv.‘Flordaking’ during  the  years 2009 and 2010 stored at 0 ±0.3 ºC. 

    Vertical bars indicate ± SE of the means. 
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The results of present study show significant effects of OA for L* compared 

with control for both years. Higher OA concentrations showed increased lightness 

(L* values) during storage period. Untreated fruits (control) were recorded with 

darker (decreased L* values) skin compared with OA treated fruits however, 4.0 

mmol OA had lighter (increased L* values) skin. Means for weekly intervals for 

both years show that lightness in the skin of peaches increased during first week 

then it declined for rest of the storage period. It has been reported that decrease in 

L* values is an indicative of fruit browning (Sapers and Douglas, 1987; Molnar-

Perl and Friedman, 1990; Lozano-De-Gonzalez et al., 1993; Sapers and Miller 

1993; Son et al., 2000 and 2001). In similar manner decreased L* values of control 

fruits could be correlated to its corresponding higher PPO activity levels in control 

fruits.  

4.6.3 Effect of Oxalic Acid on Fruit Skin Blush (a*) Values  

Data pertaining to a* of peach fruit cv. ‘Flordaking’ skin were observed 

significantly different among the treatments for the year 2008 (Table 46.1). 4.0 

mmol L-1 OA treated fruits had lowest a* values (20.65) compared with other 

treatments. While highest a* values (26.25) were found in control fruit skin during 

five week storage  period.  Means  for  weekly  reatments  reveal  that  a*  values  

decreased temporarily on  week  one then  kept  increasing  during  rest of the 

storage period (Fig. 44).  

Average means of treatments show decreased a* values (19.83) in fruits 

treated with 4.0 mmol L-1 OA during storage period for the year 2008 (Table 46.2). 

Whereas control fruits exhibited minimum a* values (25.71) compared with rest of 
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Table 46.1: Effects of different concentrations of oxalic acid on skin blush (a*)        

        of peach fruit cv. ‘Flordaking’  stored  at 0 ±0.3 ºC  during the year  

                   2009. 

         . 

 

 

 

Table 46.2: Effects of different concentrations of oxalic acid on skin blush (a*)        

         of peach fruit cv. ‘Flordaking’  stored  at 0 ±0.3 ºC during the year  

         2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks)  

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip 22.48d-i 24.81a-g 25.50a-g 27.70abc 28.27ab 28.77a 26.25A 

OA 1.0 mmol 21.63ghi 23.29b-h 24.17a-h 25.31a-g 27.03a-d 27.00a-d 24.74B 

OA 2.0 mmol 22.72c-i 23.73a-h 23.80a-h 25.17a-g 26.77a-f 26.83a-e 24.84AB 

OA 3.0 mmol 22.67c-i 20.65ghi 21.77e-i 22.84c-i 24.27a-h 24.83a-g 22.84C 

OA 4.0 mmol 21.81e-i 18.17i 19.36hi 21.54ghi 21.30ghi 21.73f-i 20.65D 

Means** 22.26C 22.13C 22.92BC 24.51AB 25.53A 25.83A  

                  LSD       T=1.4813       W=1.6982        TW=5.0681 

Treatment 
Storage period (weeks)  

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip 22.40c-g 23.97b-e 25.13bc 24.84bcd 28.30ab 29.65a 25.71A 

OA 1.0 mmol 20.51d-h 20.26e-h 20.52d-h 21.24c-h 22.63c-g 22.95c-f 21.35B 
OA 2.0 mmol 20.27e-h 18.87fgh 19.80e-h 20.87c-h 21.96c-g 21.96c-g 21.35B 

OA 3.0 mmol 19.57fgh 18.47gh 19.84e-h 19.12fgh 20.34e-h 21.65c-g 20.62BC 

OA 4.0 mmol 19.96e-h 17.17h 20.30e-h 20.35e-h 20.71d-h 22.60c-g 19.83C 

Means** 20.54BC 19.75C 21.12BC 21.28B 21.79A 23.76A  

                  LSD            T=1.2860        W=1.4744     TW=4.4002 



228 
 

 

 

 

Fig.   44: Effect of different concentrations of oxalic acid on fruit skin blush (a*) of 

     peach  fruit  cv.‘Flordaking’  during  the years 2009 and 2010 stored at      

     0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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the treatments. Statistically no difference was found between 2.0 mmol L-1 and 4.0 

mmol L-1 OA at 5% probability. Results for weekly intervals show a transient 

decrease in a* during week one thereafter it increased till week five (Table 44). 

The red skin/peel of peaches is due to phenollic compounds and the 

anthocyanins (Shafiee et al., 2010). According to Amoros et al. (1989) that flesh 

softening in peaches is an indicative of increasing of redness in the skin. In this 

study, least scores for a* were observed in 3.0 mmol OA treated fruits compared 

with control while the most red color (a*) was recorded in control fruits for both 

years. However, OA concentrations showed non concentration dependant results 

for a* during five week storage period. There were significant differences for 

interaction between treatments and weekly intervals. Changes in a* showed slight 

decrease in the beginning of experiment (week one) then it started increasing till 

end of the storage period for both years. The most red color (a*) in peach fruit skin 

might be due to enhanced degradation of chlorophyll or biosynthesis of 

anthocyanins while OA treatments significantly reduced the degradation of 

mentioned compounds. 

4.6.4 Effect of Oxalic Acid on Fruit Skin Ground Color (b*) Values   

Treatments means for b* evidently show that different oxalic acid 

concentrations significantly affected the fruit skin of peach fruit cv. ‘Flordaking’ 

for the year 2008 (Table 47.1). Though there was statistically no difference 

between 3.0 mmol L-1  and 4.0 mmol L-1 OA concentrations but still the later had 

lowest b* values (29.64). While maximum b* values were measured in control fruit 

skin during  five week storage period.  Weekly  interval  means  show that b* in the 
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Table 47.1: Effects  of  different  concentrations  of oxalic acid on skin ground          

        color (b*) of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during 

        the year 2009. 

         

 

 

Table 47.2: Effects  of different  concentrations of  oxalic  acid on skin ground           

        color (b*) of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during  

        the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

 

Treatment 
Storage period (weeks)  

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip 37.17a 32.96a-f 32.70a-f 33.07a-f 35.12a-d 35.56abc 34.43A 

OA 1.0 mmol 36.22ab 35.44abc 32.97a-f 32.69a-f 31.63b-g 31.82b-g 33.46AB 
OA 2.0 mmol 33.66a-e 32.47a-f 33.34a-f 33.44a-e 30.74c-g 28.87efg 32.09B 
OA 3.0 mmol 31.15b-g 32.04b-g 31.57b-g 31.17b-g 28.27fg 28.76efg 30.49C 
OA 4.0 mmol 30.99c-g 30.92c-g 30.05d-g 30.13defg 27.18g 28.56efg 29.64C 

Means** 33.84A 32.77AB 32.13ABC 32.10BC 30.59C 30.71C  

                 LSD            T=1.4951     W=1.7140      TW=5.1154 

Treatment 
Storage period (weeks)  

Oxalic acid 0 1 2 3 4 5 Means*
DW Dip 23.70a-d 23.18a-e 22.74a-e 21.77a-f 19.56e-j 18.65f-j 21.60A 

OA 1.0 mmol 23.83abc 23.78abc 21.78a-f 19.84d-i 18.83f-j 18.19f-j 21.01AB 

OA 2.0 mmol 24.48ab 24.16abc 21.44a-g 19.52e-j 18.42f-j 17.67g-jj 20.95AB 

OA 3.0 mmol 24.73a 24.17abc 20.71b-h 19.56ef-j 17.88g-j 16.68ij 20.62AB 

OA 4.0 mmol 23.96abc 23.70a-d 20.30c-i 18.74f-j 17.09hij 15.85j 19.94B 

Means** 24.14A 23.81A 21.39B 19.86C 18.36D 17.41D  

LSD             T=1.1355       W=1.3018         TW=3.8853 
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Fig.   45: Effect of different concentrations of oxalic acid on fruit skin ground color 

     (b*) of peach fruit cv.‘Flordaking’ during the years 2009 and 2010 stored

     at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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peach fruit skin kept  declined  till week four then slightly decreased at the end 

(Fig. 45). 

 Parameter b* average means as shown in Table 47.2 for the year 2009, 

reveal 4.0 mmol L-1 OA had less values (19.94) during five week storage period. 

Highest b* values were recorded in fruit skin of control compared with all OA 

concentrations. 1.0 mmol L-1, 2.0 mmol L-1 and 3.0 mmol L-1 OA remained 

statistically at par (p < 0.05). Fig. 45 depicts a declining trend for b* in fruit skin 

during all the weekly intervals.   

The higher b* values depict that chlorophyll degradation have been started 

with the initiation of carotenoids (Addoms et al., 1930). In our study case, peach 

fruits cv. ‘Flordaking’ treated with OA showed decrease in b* values as compared 

with control for both years. Higher OA (4.0 mmol) concentration had minimum b* 

values when compared with other concentrations and control. Delayed changes for 

b* in peach fruit skin might be correlated to slower degradation of insoluble 

protopectin to water-soluble pectin in OA treated fruits. The interaction between 

treatments and weekly intervals shows statistically significant changes in peach 

skin for b* with declining trend except slight increase during fifth week. Our 

results are supported by Marini et al. (1991) findings who described increase in b* 

(yellow) as decrease in fruit firmness and chlorophyll. 

4.6.5 Effect of Oxalic Acid on Fruit Skin Chroma (C*) Values  

Chromaticity (C*) in the fruit skin of peach cv. ‘Flordaking’ was measured 

with significant differences among the treatments for the year 2008 (Table 48.1).  
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Table 48.1: Effect of  different concentrations  of oxalic acid on skin chroma (C*)  

         of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3  ºC dring the year 2009. 

   

 

 

 

Table 48.2: Effect  of different  concentrations of  oxalic acid on skin chroma (C*)  

        of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks)  

Oxalic acid 0 1 2 3 4 5 Means*
DW Dip 43.45ab 41.26a-e 41.50abc 43.20ab 45.11a 45.72a 43.37A 

OA 1.0 mmol 42.19abc 42.42abc 40.89a-e 41.35a-d 41.63abc 41.80abc 41.71B 
OA 2.0 mmol 40.62a-e 40.21a-e 40.99a-e 41.86abc 40.79a-e 39.40b-f 40.65B 
OA 3.0 mmol 38.55b-f 38.13b-f 38.35b-f 38.68b-f 37.24c-f 38.03b-f 38.17C 
OA 4.0 mmol 37.93b-f 35.87def 35.77ef 37.04c-f 34.53f 35.89def 36.17D 

Means** 40.55A 39.58A 39.50A 40.43A 39.86A 40.17A  

     LSD                  T=1.6268             W=1.8651           TW=5.5661 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means*
DW Dip           32.63ab 33.38ab 33.90a 33.14ab 30.43a-g 28.58c-h 32.01A 

OA 1.0 mmol  31.44a-d 31.88abc 32.43abc 30.88a-f 28.60c-h 27.23f-i 30.41B 

OA 2.0 mmol  31.79abc 31.95abc 31.45a-d 30.90a-f 27.82d-i 26.60ghi 30.08BC 

OA 3.0 mmol  31.54a-d 31.49a-d 30.70a-f 29.97b-g 27.74d-i 25.66hi 29.52BC 

OA 4.0 mmol  31.19a-e 31.26a-d 30.39a-g 29.70b-g 27.34e-i 24.64i 29.08C 

Means** 31.72A 31.99A 31.77A 30.92  A 28.39B 26.54C  

LSD                  T=1.1346              W=1.3008         TW=3.8822 
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Fig.   46: Effect of different concentrations of oxalic acid on skin chroma C* of     

      peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at            

      0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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Most intensity (chroma) was observed in the skin of control fruit (43.37) compared 

with OA concentrations. Least (36.17) intensely colored (C*) skin was found in 

fruits treated with 4.0 mmol L-1 OA during five week storage period. Results 

pertaining to weekly intervals show decrease in C* of fruit skin during first two 

weeks then transiently increased on week three, slightly declined on week four and  

thereafter it increased at the end of experiment (Fig. 46).  

Means of treatments for peach fruit cv. ‘Flordaking’ indicated 4.0 mmol L-1 

OA significantly lowered (29.08) skin color saturation (C*) compared with control 

for the year 2009 (Table 48.2). Most (32.01) skin color saturation was noted in 

control during five week storage period. Means for weekly intervals show that 

changes in C* of fruit skin relatively remained steady during first three weeks 

thereafter it declined during week four and five (Fig. 46). 

Fruit skin color saturation or intensity is strictly ascribed to high values of 

chroma (C*). Gomez et al. (1998) who reported that increased C* values are sign 

of saturated red color. Hue values which are resultants of a* and b* help in 

assessment of changes in color. Results of this study showed that OA significantly 

lowered the changes in peach fruit skin for C* when compared with control for 

both years. Higher OA (4.0 mmol) concentration exhibited least C* values during 

five week storage period for both years. Means for weekly intervals indicate no 

effect of storage period in fruit skin for C* during the year 2008 experiment while 

there was significant decrease during fourth and fifth week of the year 2009 

experiment. Dundar (1997) also reported similar results that four weeks storage 

period had no effect on peach fruit skin changes.  



236 
 

4.6.6 Effect of Oxalic Acid on Fruit Skin Hue Angle (h°) Values  

Hue angle (h°) of fruit skin of peach fruit cv. ‘Flordaking’ was significantly 

affected by different oxalic  acid  treatments  during  five  week  storage  period 

(Table 49.1). Maximum h° values were observed in the skin of 4.0 mmol L-1 OA 

treated fruits. While control fruit skin had least h° values (52.69). No significant 

changes were found among 2.0 mmol L-1, 3.0 mmol L-1 OA and control at 5% 

probability. Weekly interval means indicate a constant declining trend for h° during 

five week storage period (Fig. 47). 

 Treatment means from the Table 49.2 revealed that unlike previous 

year’s results, this year 3.0 mmol L-1 OA had more h° values (45.86) in peach fruit 

skin compared with control. 2.0 mmol L-1 and 3.0 mmol L-1 OA concentrations 

were noted with non significance (p < 0.05).  Lowest h° value (42.47) was recorded 

in control fruits. The means for weekly intervals show similar decreasing trend for 

h° of fruit skin as compared with the year 2008 (Fig. 47).  

The a* and b* values are used to calculate hue angle (McGuire, 1992). 

Treatments means show significant effects of OA on hue (h*) in the fruit skin 

during storage period. 4.0 mmol OA had significantly maximum h* values for the 

year 2008 while 3.0 mmol OA was found with maximum h* values for the year 

2009 when compared with control. Treated fruits had increased L* and h* values in 

peach fruit skin as compared with control during storage period (Abbasi et al., 

2010). The interaction between treatments and weekly intervals was noted 

significant  and  showed  a persistent  decline  for  h* in all  treatments.  It has  been 
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Table 49.1: Effect of different concentrations of oxalic acid on skin hue angle                    

         (hº)  of  peach  fruit  cv.‘Flordaking’  stored  at 0 ±0.3  ºC for the  

                     year  2009. 

 
 

 

 

 

Table 49.2: Effect of different concentrations of oxalic acid on skin hue angle  

                   (hº)  of  peach  fruit  cv. ‘Flordaking’  stored  at  0 ±0.3 ºC for the  

                   year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip           58.82ab 53.04b-f 52.12c-f 50.02def 51.10c-f 51.05c-f 52.69B 

OA 1.0 mmol   59.15ab 56.75abc 53.78a-e 52.27c-f 49.47def 49.70def 53.52AB 

OA 2.0 mmol   55.97a-d 53.84a-e 54.49a-e 53.05b-f 48.94ef 47.12f 52.24B 

OA 3.0 mmol  53.94a-e 57.21abc 55.44a-e 53.88a-e 49.40ef 49.13ef 53.17B 

OA 4.0 mmol   54.83a-e 59.57a 57.18abc 54.46a-e 51.88c-f 52.69b-f 55.10A 

Means** 56.54A 56.08A 54.60AB 52.74B 50.16C 49.94C  

LSD                 T=1.9063           W=2.1854        TW=6.5223 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip           46.58a-h 44.05c-j 42.05e-k 41.30f-k 40.07g-k 40.79g-k 42.47B 

OA 1.0 mmol   49.26a-f 49.55a-e 46.69a-h 42.99d-k 39.74g-k 38.42ijk 44.44AB 

OA 2.0 mmol   50.35a-d 52.02abc 47.29a-g 43.11d-k 39.99g-k 38.82h-k 45.26A 
OA 3.0 mmol  51.61abc 52.55ab 46.23a-i 45.69b-j 41.47e-k 37.61jk 45.86A 
OA 4.0 mmol   50.20a-d 54.10a 45.03b-j 42.70d-k 39.59g-k 35.01k 44.44AB 

Means** 49.60A 50.45A 45.46B 43.16B 40.17C 38.13C  

LSD                  T=2.3706        W=2.7178        TW=8.1110 
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Fig.   47: Effect of different concentrations of oxalic acid on skin hue angle (h*)   

     peach fruit  cv. ‘Flordaking’ during the years 2009 and 2010 stored at  

                0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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reported that treatments and ripening period had significant interactions for h* in 

plums (Khan and Singh, 2010). 

4.6.7 Effect of Oxalic Acid on Fruit Firmness (N) 

Data regarding fruit firmness (N) was recorded with significant differences 

among the treatments for five week storage period (Table 50.1). The values for fruit 

firmness showed that the fruits treated with highest concentration of OA 4.0 mmol 

L-1 were observed firmer (6.59) than other treatments while least fruit firmness 

(5.87) was noted in control. The difference between two lower concentrations (1.0 

and 2.0 mmol L-1) of OA was recorded non significant. A steady increase was 

recorded for weekly intervals in all treatments (Fig. 48) during five week storage 

period. Lowest level of fruit firmness reached on week five in control. 

Maximum fruit firmness (6.37) was observed in peach fruits (cv. 

Flordaking) treated with higher concentration of oxalic acid (4.0 mmol L-1) as 

compared with control (Table 50.2) for the year 2009. While minimum fruit 

firmness (5.69) was noted in control. As our per results 1.0 and 2.0 mmol L-1 of OA 

showed little effect on firmness of peach fruit and remained at par during both 

years of experiment. Weekly intervals means showed significant difference with 

increase in fruit softening during the storage period (Fig. 48). 

Fruit firmness alters due to changes in cell wall. Pectin degradation is 

considered a key factor in fruit softening resulting in loosening and disintegration 

of cellulose and hemicellulose networks and ultimately fruits become soft (Liu et 

al., 2009; Prasanna et al., 2007). Present study pertaining to OA effects on firmness 
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Table 50 .1: Effect   of  different  concentrations  of  oxalic  acid  on  firmness (N)  

         of peach fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

           

 

 

Table 50 .2: Effect  of  different  concentrations  of  oxalic  acid  on  firmness  (N)  

         of peach fruit cv.‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment   
Storage period (weeks)  

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip          72.92a 62.89def 60.18fg 53.51jk 49.22l 46.87l 57.60D 

SA 0.5 mmol   72.92a 67.14b 63.28de 60.31fg 54.29ijk 52.49k 61.74C 

SA 1.0 mmol   72.92a 66.55bc 63.84cde 61.25efg 54.42ijk 55.24ijk 62.37C 

SA 1.5 mmol  72.92a 67.37b 65.18bcd 63.93cde 55.34ijk 55.70ij 63.41B 

SA 2.0 mmol   72.92a 66.97b 65.31bcd 66.68bc 59.10gh 57.07hi 64.68A 

Means** 72.92A 66.18B 63.56C 61.14D 54.47E 53.47F  

LSD                  T= 0.8673    W= 0.9943    TW=2.9673 

Treatment   
Storage period (weeks)  

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip            67.82a 61.45de 59.95efg 54.19ijk 48.73n 42.88o 55.84D 

SA 0.5 mmol    67.82a 64.75bc 61.29de 57.69gh 52.62jkl 49.45mn 58.94C 

SA 1.0 mmol    67.82a 64.39bc 63.28bcd 59.36efg 52.04klm 50.86lmn 59.63C 

SA 1.5 mmol  67.82a 64.82bc 64.75bc 60.96def 55.93hi 52.30kl 61.10B 

SA 2.0 mmol    67.82a 65.41ab 65.14bc 62.73cd 58.67fg 55.14hij 62.49A 

Means** 67.82A 64.16B 62.88C 58.99D 53.60E 50.13F  

LSD                  T= 0.7587    W= 0.8698    TW=2.5959 
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Fig.  48: Effect of  different concentrations  of oxalic  acid on firmness (N) of     

    peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at      

    0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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of peach fruit was recorded with significant results. Higher OA concentrations 

maintained highest fruit firmness, whereas control fruits had minimum firmness 

during five week storage period. The interaction between OA and weekly intervals 

indicate a linear decrease in fruit firmness for both years. Higher metabolism, 

which results in decomposition of tissues, can be lowered to maintain fruit firmness 

(Gonzalez et al., 2004). The outcomes of our study are in agreement with the 

results of Zheng et al. (2007a) who documented that OA treated peach fruits found 

with higher level of firmness as compared with control. Mango fruits treated with 

OA have been reported with decreased softening (Zheng et al., 2005).  

4.6.8 Effect of Oxalic Acid on Soluble Solids Content 

 Maximum soluble solids content (SSC) (10.10% °Brix) was found in 4.0 

mmol L-1 OA (Table 51.1) compared with control for the year 2008. Control fruits 

were noted lowest for SSC (9.66% °Brix). Fruits dipped in 1.0 and 2.0 mmol L-1 of 

OA solutions showed non significant results for fruit firmness and were found at 

par to control. Means for weekly intervals showed that SSC increased in all 

treatments till week four and then decreased during week five. SSC reached to its 

highest in 4.0 mmol L-1 of OA during week four (Fig. 49).     

 The year 2009 data for SSC in peach fruit revealed that significant 

differences were found among the treatments (Table 51.2) during five week storage 

period. Higher SSC (10.65% °Brix) was recorded in fruits treated with highest OA 

concentration whereas control fruits had lowest level of SSC (10.12% °Brix). The 

lower OA concentrations (1.0 and 2.0 mmol L-1) were observed statistically non 

significant. As  per  weekly  intervals  result  SSC  in all treatments heightened with  
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Table 51.1: Effects  of  different concentrations  of oxalic  acid on soluble solids  

        content (% ºBrix) of  peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC  

        during the year 2009. 

         

 

 

 

Table 51.1: Effects  of different  concentrations of  oxalic acid on soluble solids  

        content (% ºBrix) of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC  

        during the year 2009. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment  
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip             8.87l 8.79l 9.63jk 10.26gh 10.32fgh 10.10hi 9.66C 
OA 1.0 mmol     8.87l 8.76l 9.57jk 10.41e-h 10.49efg 10.24gh 9.72C 
OA 2.0 mmol     8.87l 8.63l 9.39k 10.39e-h 10.87bcd 10.41e-h 9.76C 
OA 3.0 mmol  8.87l 8.82l 9.78ij 10.55d-g 11.04abc 10.67def 9.95B 
OA 4.0 mmol     8.87l 8.80l 9.80ij 10.68cde 11.30a 11.12ab 10.10A 

Means** 8.87D 8.76D 9.63C 10.46B 10.80A 10.51B  

LSD                 T=0.1066        W=0.1222       TW=0.3648 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip             9.36kl 9.31kl 9.98j 10.41hi 10.78fg 10.87efg 10.12D 
OA 1.0 mmol    9.36kl 9.49k 10.01j 10.40hi 10.96def 11.17b-e 10.23C 
OA 2.0 mmol    9.36kl 9.18l 9.85j 10.57gh 11.15b-e 11.27bcd 10.23C 
OA 3.0 mmol  9.36kl 9.42kl 10.13ij 10.86efg 11.35bc 11.40b 10.42B 
OA 4.0 mmol    9.36kl 9.45kl 10.35hi 11.08c-f 11.86a 11.81a 10.65A 

Means** 9.36D 9.37D 10.07C 10.66B 11.22A 11.30A  

LSD                 T=0.0902        W=0.1034         TW=0.3087 
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Fig. 49: Effect of different concentrations of oxalic acid on soluble solids (% ºBrix) 

   of peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at          

   0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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progress in storage period except highest OA treated fruits were observed with 

decline at the end of storage period (Fig. 49).    

 SSC is one of the important parameter by which consumers judge fruit 

quality. SSC accumulated by starch hydrolysis results into sugars content as a 

ripening index (Kays, 1991 and Kitter   et al., 2001). In other words, hydrolytic 

changes in the starch concentration alter SSC concentration during postharvest life 

of fruits.  

 Present study revealed that OA treatments showed significantly increased 

SSC as compared with control for both years of research work. Maximum SSC 

levels were observed in OA treated peach fruits, while minimum SSC levels were 

noted in control fruits. However, lower OA concentration had no effect on SSC 

when compared with control and remained at par with control at p < 0.05 level 

during the year 2008. Although, OA lower concentrations were significantly 

different from control but still had lower SSC levels compared with higher OA 

concentrations during the second year (2009). The interaction between treatments 

and weekly intervals was highly significant. SSC remained relatively stable during 

first week then increased till fourth week thereafter it decreased in the fifth week of 

experiment of year 2008 but SSC showed increasing trend at the end of second year 

experiment. Generally, peach fruits treated with different concentratins of OA 

increased SSC level compared with control. In our study, OA maintained peach 

fruit quality by increasing SSC, maintaining higher TA and maintaining pH levels. 

Insoluble starch conversion to soluble solids results in increased SSC (Martisen and 

Schaare, 1998; McGlone and Kawano, 1998; Vela et al., 2003). In contrast to 
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control OA might have enhanced starch hydrolysis resulting in increased sugars 

along with polysaccharides conversion to disaccharides and monosaccharides. OA 

and SA increased SSC in mango fruits due to alleviated chilling injury (Ding et al., 

2007), while Zheng et al. (2005) reported that OA retarded SSC enhancement in 

mango fruits stored at 14 ºC. In another study Srivastava and Dwivedi (2000) 

reported that SA treated banana fruits had eleviated level of SSC with increased 

firmness and TA. The findings demonstrate that results variation difference may be 

attributed by crop to crop difference and storage temperature regimes.      

4.6.9 Effect of Oxalic Acid on Titratable Acidity 

Significant differences were observed among the treatments for titratable 

acidity (TA) in peach fruit cv. ‘Flordaking’ during storage period for the year 2008 

(Table 52.1). Maximum TA (0.62) was noted in fruits treated with 4.0 mmol L-1 

followed by 3.0 mmol L-1 of OA. Lower concentrations of OA (1.0 and 2.0 mmol 

L-1) had lesser effect and remained at par. While minimum content of TA (0.52) 

was found in control. There was gradual decrease in TA of peach fruit during 

weekly intervals in all the treatments however, OA 4.0 mmol L-1 maintained higher 

level of TA during entire storage period (Fig. 50). 

Evidently, higher concentrations of oxalic acid showed significantly 

maintained peach fruit TA at higher level during five week storage period (Table 

52.2). Most of the losses were observed in TA (0.13) of control fruits. Oxalic acid 

4.0 mmol L-1 and 3.0 mmol L-1 had highest TA content (0.52 and 0.47 respectively) 

of fruit as compared with other treatments. Means for weekly intervals reveal that 

initially TA increased then declined for rest of the storage period (Fig. 50). 
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Table 52.1: Effect of different concentrations of oxalic acid on titratable acidity  

                   of peach fruit  cv. ‘Flordaking’  stored  at 0 ±0.3 ºC  during the year  

                   2009. 

 

 

 

 

Table 52.2: Effect of different concentrations of oxalic acid on titratable acidity  

                   of peach  fruit cv. ‘Flordaking’  stored  at  0 ±0.3 ºC during the year  

                   2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip               0.69a 0.66bc 0.60e 0.51h 0.39j 0.29m 0.52D 

OA 1.0 mmol      0.69a 0.68ab 0.63cde 0.54fgh 0.41j 0.35l 0.55C 

OA 2.0 mmol      0.69a 0.67ab 0.62de 0.52gh 0.41j 0.35kl 0.55C 

OA 3.0 mmol  0.69a 0.68ab 0.64cd 0.57f 0.46i 0.38jk 0.57B 

OA 4.0 mmol      0.69a 0.70a 0.67ab 0.62de 0.54fg 0.47i 0.62A 

Means** 0.69A 0.68B 0.63C 0.55D 0.44E 0.37F 
 

LSD                T=0.001         W=0.0111         TW=0.0331 

Treatment 
Storage period (weeks)  

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip 0.53c-f 0.52d-g 0.34j-n 0.21op 0.13p 0.13p 0.31E 

OA 1.0 mmol 0.53c-f 0.56b-e 0.42g-l 0.32k-o 0.32j-o 0.24nop 0.40D 
OA 2.0 mmol 0.53c-f 0.59a-d 0.48d-i 0.35j-n 0.38i-m 0.27mno 0.44C 
OA 3.0 mmol 0.53c-f 0.65abc 0.52d-g 0.42f-k 0.39h-l 0.30l-o 0.47B 
OA 4.0 mmol 0.53c-f 0.70a 0.66ab 0.47e-i 0.43f-j 0.33j-n 0.52A 

Means** 0.53B 0.60A 0.49C 0.35D 0.33D 0.26E  

LSD                 T=0.0333         W=0.0382         TW=0.1140 
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Fig.   50: Effect of different concentrations of oxalic acid on titratable acidity of  

     peach fruit cv.‘Flordaking’ during  the years 2009  and 2010  stored at  

     0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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Organic acids content determines fruit quality during storage period. That is 

why fruit flavor is essentially correlated with the ratio of sugars and acids. Fruit 

acidity is largely contributed organic acids like citric acid, malic acid, quinic acid 

and tartaric acid. Generally, peach fruits are subjected to decrease organic acids 

during storage period. 

These above mentioned results reveal that OA treatments had significant 

effect to maintain higher TA in comparison with control for both years of 

experiment. Highest increased levels of titratable acidity were found in peach fruits 

treated with 4.0 mmol OA. Control fruits retained minimum levels of TA during 

storage period. Apparently, means for weekly intervals show decreasing trend in 

TA of peach fruit during five week storage period. For the year 2009, there was a 

transient increase in TA during only first week then the same decreased for rest of 

the storage period. In comparison with control, oxalic acid treatment to mango 

fruits significantly inhibited titratable acidity decrease (Zheng et al., 2007b) which 

is in agreement with our findings.    

4.6.10 Effect of Oxalic Acid on Soluble Solids Content and Titratable Acidity 

Ratio (SSC:TA) 

Means pertaining to SSC:TA ratio in peach fruit ‘Flordaking’ cv. revealed 

significant differences among the treatments (Table 53.1). Highest SSC:TA ratio 

(20.62) was noted in control while lowest (16.98) was recorded in fruits treated 

with 4.0 mmol L-1 of  oxalic  acid  (OA)  followed  by 3 .0 mmol L-1  (18.65) 

during storage period for the year 2008. Lower concentrations 1.0 and 2.0 mmol L-1 

of OA showed no significant difference between them for SSC:TA ratio. SSC:TA 
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Table 53.1: Effects of  different  concentrations of oxalic acid on soluble solids  

         content  and  titratable  acidity  ratio (SSC:TA)  of  peach  fruit cv.  

         ‘Flordaking’ stored at 0 ±0.3 ºC for the year 2009. 

 

 

 

Table 53.2: Effects  of different  concentrations  of oxalic acid on soluble solids  

         content   and   titratable   acidity  ratio (SSC:TA) of  peach fruit cv.  

         ‘Flordaking’ stored at 0 ±0.3 ºC for the year 2009. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip           12.80n 13.40lmn 15.97jk 20.26gh 26.47cd 34.85a 20.62A  
OA 1.0 mmol   12.80n 12.88mn 15.11kl 19.40gh 25.82de 29.54b 19.26B 
OA 2.0 mmol   12.80n 12.82n 15.06kl 19.85gh 26.74cd 29.73b 19.50B 
OA 3.0 mmol  12.80n 12.90mn 15.36k 18.61hi 24.17ef 28.09bc 18.65C 
OA 4.0 mmol   12.80n 12.75n 14.55klm 17.14ij 20.80g 23.84f 16.98D 

Means** 12.80E 12.95E 15.21D 19.05C 24.80B 29.21A 
 

LSD                  T=0.5004         W=0.5737        TW=1.7121 

Treatment 
Storage period (weeks) 

  

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip           17.58jkl 18.64ijkl 29.11e-i 51.03b 83.27a 81.91a 46.92A 
OA 1.0 mmol   17.58jkl 17.08jkl 24.31g-l 33.04d-g 34.31d-g 46.79bc 28.85B 
OA 2.0 mmol   17.58jkl 15.50kl 20.49-l 29.99e-h 29.43e-i 42.20bcd 25.87BC 
OA 3.0 mmol  17.58jkl 14.59l 19.66h-l 25.94f-k 28.98e-i 38.05cde 24.13CD 
OA 4.0 mmol   17.58jkl 13.52l 15.88k-l 23.72g-l 27.50e-j 36.16c-f 22.39D 

Means** 17.58E 15.87E 21.89D 32.74C 40.70B 49.02A 
 

LSD                 T=3.2480         W=3.7237        TW=11.113 
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Fig.   51: Effect of different concentrations of oxalic acid on soluble solids  

     content  and  titratable acidity ratio (SSC:TA) of  peach fruit cv.                                 

     ‘Flordaking’ during the year 2009 and 2010 stored at 0 ±0.3 ºC.          

      Vertical bars indicate ± SE of the means. 



252 
 

ratio was found with no changes during week one then it started increasing 

gradually and maintained same pace untill the end of the trial (Fig. 51).  

 These results evidently showed that oxalic acid 4.0 mmol L-1 significantly 

retained lowest SSC:TA ratio (22.39) in peach fruit ‘Flordaking’ cv. (Table 53.2) 

compared to control fruits which was recorded with maximum SSC:TA ratio 

(46.92) during the year 2008. 1.0 mmol L-1 OA was observed next higher (28.85) to 

control during storage period. Fig. 51 depicts that SSC:TA ratio remained stable 

initially and then started increasing till week five. 

SSC:TA ratio measured to determine fruit quality during storage. As earlier 

mentioned that SSC:TA ratio resulted from division of soluble solids content by 

corresponding titratable acidity value. Significant differences were found among 

the treatments for SSC:TA ratio in peach fruits cv. ‘Flordaking’ during storage 

period. It is evident from the result tables that 4.0 mmol OA had lowest levels of 

SSC:TA ratio for both years compared with control. Lower OA concentrations 

were found to be relatively higher in SSC:TA ratio but significantly followed the 

control. Lower levels of SSC:TA ratio can be referred to increased levels of 

titratable acidity in OA treated fruits. Some other researchers have also 

reported similar results that in comparison with their respective control plum 

cultivars (Black Amber; Amber Jewel and Angelino) treated with putrescine 

exhibited lower SSC:TA ratio (Khan and Singh, 2010); mango fruits treated with 

putrescine and polyamines decreased SSC:TA ratio (Malik and Singh, 2005). The 

interaction between treatments and storage period for both the years show 
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stable SSC:TA ratio during initial stage then it showed increasing trend till 

end of the storage period.  

4.6.11 Effect of Oxalic Acid on Fruit pH 

Oxalic acid 4.0 mmol L-1 maintained least pH (4.14) in peach fruits of 

‘Flordaking’ cv. during five weeks storage period for the year 2008 (Table 54.1). 

Significantly high pH (4.32) was recorded in control compared with rest of the 

treatments. Maximum increase in fruit pH was observed on week five of storage 

period as compared with week zero, there was a brief pause during week two and 

three then again increased till end of storage period (Fig. 52). 

Results of the work revealed significant effect of OA 4.0 mmol L-1 on fruit 

pH (4.37) for the year 2009 (Table 54.2). While no significant differences were 

observed among rest of the treatments including control however, increased fruit 

pH (4.49) was observed in control. Results for weekly intervals show that fruit pH 

remained stable in the beginning and then increased gradually with passage of time 

during storage (Fig. 52).    

      The pH of fruit is determined by measuring the hydrogen ion concentration 

in the fruit juice. As oxalic acid being an acidulent causes low pH. The variance 

analysis of our results shows that higher concentration of OA (4.0 mmol) 

significantly contained the changes in peach fruit pH when compared with control 

during storage period while, other OA concentrations had little or no effect on fruit 

pH (p < 0.05). This could be linked with the OA characteristic of being acidulent 

that results  in low  pH in fruits. Litchi  fruits treated with oxalic acid recorded with  
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Table 54.1: Effect of different concentrations of oxalic acid on juice pH of peach  

         fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC for the year 2009. 

 

 

 

 

Table 54.2: Effect of different concentrations of oxalic acid on juice pH of peach  

        fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC for the year 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip             3.90k 4.05h-k 4.32c-g 4.43cd 4.49bc 4.70a 4.32A  

OA 1.0 mmol    3.90k 4.00ijk 4.31c-g 4.31c-g 4.43cd 4.64ab 4.27A 

OA 2.0 mmol    3.90k 3.95jk 4.26d-g 4.27d-g 4.41c-e 4.40cde 4.20B 

OA 3.0 mmol  3.90k 3.93jk 4.21e-h 4.21e-h 4.29c-g 4.34c-f 4.15BC 

OA 4.0 mmol    3.90k 3.99ijk 4.11g-j 4.19f-i 4.30c-g 4.31c-g 4.14C 

Means** 3.90E 3.99D 4.24C 4.28C 4.39B 4.48A 
 

LSD                 T=0.0597         W=0.0685         TW=0.2043 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip             4.13i 4.13i 4.39gh 4.69a-d 4.78ab 4.84a 4.49A  
OA 1.0 mmol     4.13i 4.12i 4.34h 4.63b-e 4.73a-d 4.77abc 4.45A 
OA 2.0 mmol     4.13i 4.10i 4.37gh 4.67a-d 4.66a-d 4.80ab 4.46A 
OA 3.0 mmol  4.13i 4.10i 4.40fgh 4.58c-f 4.62b-e 4.80ab 4.44A 
OA 4.0 mmol     4.13i 4.09i 4.36h 4.44e-h 4.56d-g 4.62b-e 4.37B 

Means** 4.13E 4.11E 4.37D 4.60C 4.67B 4.77A 
 

LSD                 T=0.0574        W=0.0658        TW=0.1962 
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Fig.   52: Effect of different concentrations of oxalic acid on fruit juice pH of peach 

      fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at 0 ±0.3 ºC. 

      Vertical bars indicate ± SE of the means. 
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lowest pH which resulted in decreased browning (Saengnil et al., 2006); while pH 

in peach fruits were observed with no changes when treated with oxalic acid 

(Zheng et al., 2007a) but mango fruits treated with chitosan contained pH (Wang et 

al., 2007). Means for weekly intervals revealed that pH in stored peaches increased 

with time passage. This might be attributed to organic acids breakdown due to 

increased respiration and senescence. Dundar (1997) concluded on the basis of pH 

that peaches should not be stored beyond five weeks. In this study, peach fruits cv. 

‘Flordaking’ treated with OA presented better results which are conformed on the 

basis of pH levels of the fruits.  

4.6.12 Effect of Oxalic Acid on Total Sugars 

Maximum total sugars content (5.69%) was recorded in peach fruits treated 

with 4.0 mmol OA during storage period for the year 2008 (Table 55.1). Minimum 

total sugars (5.29%) was noted in control fruits compared OA concentrations. 

Untreated fruits (control) and lower OA (1.0 mmol) concentration had no 

significant differences between them while; non significant difference was also 

recorded within lower concentrations (1.0 and 2.0 mmol L-1) of OA. Higher 

concentrations 2.0 and 3.0 mmol remained at par and statistically shared same letter 

during both years. Results for weekly intervals show a gradual increase throughout 

the experiment period (Fig. 53). Highest levels of total sugars content were found 

in 4.0 mmol OA treated fruits during fifth week while, lowest was observed in 

control for the same week. 

Means for treatment showed highly significant changes in total sugars 

content of peach fruit ‘Flordaking’ cv. for the year 2009 (Table 55.2). Highest total  
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Table 55.1: Effect of different concentrations of oxalic acid on percent total sugars 

        of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC for the year 2009. 

 

 

 

 

Table 55.2: Effect of different concentrations of oxalic acid on percent total sugars 

         of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC for the year 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip              4.93o 5.06mno 5.16k-o 5.25j-m 5.48ghi 5.88cde 5.29C 

OA 1.0 mmol     4.93o 5.01no 5.19k-n 5.36ijk 5.65fgh 5.69efg 5.30C 

OA 2.0 mmol     4.93o 5.07mno 5.31i-l 5.45hij 5.86def 6.15b 5.47B 

OA 3.0 mmol  4.93o 5.10l-o 5.34ijk 5.43hij 5.96bcd 6.17b 5.49B 

OA 4.0 mmol     4.93o 5.14k-o 5.59gh 5.87def 6.11bc 6.49a 5.69A 

Means** 4.93F 5.08E 5.32D 5.47C 5.81B 6.07A 
 

LSD                 T=0.0676           W=0.0775          TW=0.2313 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip               5.29k 5.27k 5.52ij 5.83efg 5.78efgh 5.84efg 5.59D 

OA 1.0 mmol       5.29k 5.35jk 5.78efgh 6.07cd 6.08cd 6.37b 5.63D 

OA 2.0 mmol       5.29k 5.29k 5.68ghi 6.06cd 5.89def 6.03cd 5.71C 

OA 3.0 mmol  5.29k 5.35jk 5.78efgh 6.07cd 6.08cd 6.37b 5.82B 

OA 4.0 mmol       5.29k 5.35jk 5.80efgh 6.19bc 6.29b 6.76a 5.95A 

Means** 5.29E 5.32E 5.68D 6.02B 5.95C 6.19A  

LSD                    T=0.0555        W=0.0637        TW=0.1900 
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Fig.   53: Effect of different concentrations of oxalic acid on percent total sugars  

     content of peach fruit cv. ‘Flordaking’ during the years 2009 and 2010  

     stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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Table 56.1: Effect of different concentrations of oxalic acid on percent reducing  

        sugars  of  peach  fruit  cv. ‘Flordaking’  stored  at  0 ±0.3 ºC for the  

        year 2009. 

         

 

 

 

Table 56.2: Effect of different concentrations of oxalic acid on percent reducing  

        sugars  of  peach fruit  cv. ‘Flordaking’  stored  at  0 ±0.3 ºC  for  the  

                   year 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip              1.14o 1.67n 1.86klmn 2.09g-j 2.29c-g 2.33c-f 1.91D 
OA 1.0 mmol     1.14o 1.70mn 1.90jklm 2.15f-i 2.32c-f 2.42b-e 1.94CD 
OA 2.0 mmol     1.14o 1.67n 1.99ijkl 2.23e-h 2.46bcd 2.48bc 1.10BC 
OA 3.0 mmol  1.14o 1.68mn 1.10ijkl 2.26d-h 2.48bc 2.59ab 2.02B 
OA 4.0 mmol     1.14o 1.78lmn 2.05h-k 2.30c-g 2.59ab 2.72a 2.10A 

Means** 1.14F 1.70E 1.96D 2.21C 2.43B 2.51A  

LSD                  T=0.0652         W=0.0747         TW=0.2230 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip             1.35n 1.52mn 1.65klm 2.22i 2.50fg 2.63def 1.98C 

OA 1.0 mmol     1.35n 1.59lm 1.78jk 2.28hi 2.44gh 2.74b-e 2.03C 

OA 2.0 mmol     1.35n 1.65klm 1.92j 2.41gh 2.70cde 2.88abc 2.15B 

OA 3.0 mmol  1.35n 1.68klm 1.92j 2.44gh 2.79bcd 2.91ab 2.18B 

OA 4.0 mmol     1.35n 1.77jkl 2.20i 2.58efg 2.87bc 3.06a 2.30A  

Means** 1.35F 1.64E 1.89D 2.39C 2.66B 2.84A 
 

LSD              T=0.0536        W=0.0615         TW=0.1835 
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Fig.   54: Effect of different concentrations of oxalic acid on prcent reducing sugars 

    content of peach fruit cv. ‘Flordaking’ during the years 2009 and 2010  

    stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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sugars (5.95%) was found in fruits treated with 4.0 mmol OA while, lowest 

(5.59%) was recorded in control. Means for weekly intervals reveal no changes in 

total sugars content during week one thereafter it increased till week three and 

decreased slightly on week four then again increased at the end of the experiment 

(Fig. 53).  

4.6.13 Effect of Oxalic Acid on Reducing Sugars 

Oxalic acid (OA) effects on reducing sugars were recorded with high 

significance among the treatments during storage period for the year 2008 (Table 

56.1). Increased reducing sugars content (2.10%) was observed in peach fruits 

treated with 4.0 mmol OA while, least content (1.91%) of reducing sugars was 

noted in control. Among the treated fruits lower concentrations remained 

statistically at par (p < 0.05) to each other. Fig. 54 depicts a linear increase for 

weekly intervals in peach fruit contents of reducing sugars during whole storage 

period. Reducing sugars steadily increased with the advancement in storage period 

under all treatments. 

Data regarding effects of oxalic acid on changes in reducing sugars are 

presented in Table 56.1 for the year 2009. Treatment means indicate that 4.0 mmol  

of OA treatment had significantly high levels of reducing sugars content (2.30%) 

whereas control showed minimum content of reducing sugars (1.98%). The 

interaction between treatments and weekly intervals was found significant. Means 

for weekly intervals reveal that reducing sugars content in general, increased with 

progression in storage period (Fig. 54).  
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4.6.14 Effect of Oxalic Acid on Non Reducing Sugars 

Non reducing sugars content in the fruits of peach cv. ‘Flordaking’ was 

showed significantly higher by 4.0 mmol OA whereas control fruits exhibited 

minimum content of non-reducing sugars during the year 2008. The interaction 

between treatments and storage period was recorded with significance during both 

years. Means for weekly intervals indicate that non-reducing sugars content 

decreased till third week then it increased during fourth and fifth week.  

Results showed significant effects of OA in non reducing sugars content of 

peach fruits during storage period for the year 2009. OA (4.0 mmol) treated fruits 

had increased level of non-reducing sugars while in contrast control showed 

decreased levels. Means pertaining to weekly intervals showed non reducing sugars 

content generally decreased in a fluttered manner. 

Climacteric peach fruits respire and produce C2H4 during postharvest life 

and these processes lead the fruit to ripening and ultimately induce senescence. 

Hubbard et al. (1991) reported that high sugar content is linked with the activity of 

sucrose-phosphate synthase (Langenkamper et al., 1998) which is triggered by 

ethylene and ripening process during storage. Fruits, prior to ripening stage 

possesses great amount of starch which is converted into sugars during ripening. 

Sucrose (non reducing) being carbon  source (in glycolytic pathway) and composed 

of  glucose  and  fructose molecules. Non reducing sugars show lesser reaction than 

fructose and glucose. Usually, non reducing sugars (sucrose) translocated in cell, 

sequestered in vacuole and consumed during respiration besides this, other sugars 

import is done into cells (Mir and Beaudry, 2002). Depletion of sucrose along with 
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other respiratory substrates has great impact on fruit quality during postharvest 

storage. Tissues that are negatively implicated by sucrose depletion can alter the 

gene expression which may be associated with quality (King et al., 1995; Mir and 

Beaudry, 2002). 

These findings showed that total sugars and reducing sugars generally, 

increased in both treated and non treated fruits with advancement in storage period. 

While, non reducing sugars fluttered in decreasing manner during both years. 

Maximum losses in total sugars were found in control fruits during storage period 

for both years. Whereas, reduced losses in total sugars were found in fruits treated 

with 4.0 mmol OA. At the end of experiment control fruits had maximum losses in 

total sugars while 4.0 mmol OA retained maximum total sugars content. This may 

because of OA treatment which inhibited the oxidation and degradation of sugars. 

Maximum losses in sugars were observed in untreated apple fruits during storage 

while CaCl2 (calcium chloride) treated fruits had increased sugars content 

(Chardonnet et al., 2003). The interaction between treatments and weekly intervals 

was significant and showed increasing trend for total sugars in all treatments. 

Analysis of variance pertaining to reducing sugars in peach fruits depicted 

highly significant results among the treatments and storage period. Highest content 

of reducing sugars was found in 4.0 mmol OA treated peach fruits when compared 

with control fruits. Least accumulation of reducing sugars was recorded in control. 

Reasons for decreased sugars content in untreated fruits may be because of 

increased breakdown and usage of sugars due to prolonged storage period. Means 

for weekly intervals showed significant results. Generally, increasing trend for 

reducing sugars has been noted in peach fruits during the entire storage period. 
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Some other researchers have also reported that reducing sugars increased during 

ripening and ascribed it to enhanced breakdown of starch (Asghari and Aghdam, 

2010; Beaudry et al., 1989). Thus, our results are proved by above mentioned 

research reports. 

Non reducing sugars content in peach fruit was significantly affected by OA 

treatments during storage for both years. Highest levels of non reducing sugars 

content was observed in fruits treated with higher concentrations of OA as 

compared with lower concentrations and control. Untreated fruits (control) showed 

decreased levels of non reducing sugars content. As aforementioned that for best 

texture, flavor and taste, fruits content of sugars (SSC) and acids (titratable acidity) 

ratio are the main factor. Raffo et al. (2007) described sugars and organic acids 

ratio as key factors to determine taste attributes of the fruit.  

4.6.15 Effect of Oxalic Acid on Ascorbic Acid 

Ascorbic acid (AA) attributes were recorded with high significance (p < 

0.05) for peach fruit cv. ‘Flordaking’ for the year 2008 (Table 57.1). Highest 

content of AA (5.73) was found in fruits treated with 4.0 mmol L-1 OA. Whereas, 

lowest values for AA (4.98) was observed in control compared with rest of 

treatments. All the OA concentrations affected AA content in peach fruit while 

among these concentrations 2.0 mmol L-1 OA showed lesser effect. Average 

weekly interval means show that 1.0 mmol L-1, 3.0 mmol L-1 and 4.0 mmol L-1 

concentrations of OA initially  increased AA content, decreased from week two to  

week  five  during  storage   period  (Fig. 55). Whereas,  AA  content  permanently 
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Table 57.1: Effect  of  different  concentrations  of  oxalic  acid  on  ascorbic acid  

        content  of peach  fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the  

        year 2009. 

         

 

 

Table 57.2: Effect  of  different  concentrations  of  oxalic acid  on ascorbic acid  

        content of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the 

                   year 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip               6.18ab 5.97abc 5.38ef 4.66hi 4.19j 3.54k 4.98D 
OA 1.0 mmol      6.18ab 6.26a 5.82bcd 5.34ef 4.82ghi 4.14j 5.42BC 

OA 2.0 mmol      6.18ab 6.12abc 5.74cde 5.27f 4.39ij 4.22j 5.32C 

OA 3.0 mmol  6.18ab 6.27a 5.93abc 5.39def 5.06fgh 4.43ij 5.54B 

OA 4.0 mmol   6.18ab 6.30a 6.10abc 5.81bcd 5.23fg 4.77hi 5.73A 

Means** 6.18A 6.18A 5.32C 5.54B 5.73A 4.22E  

    LSD          T=0.1256         W=0.1440        TW=0.4297 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip             5.95a 5.68abc 5.17de 4.75fgh 4.49hij 3.67l 4.95D 

OA 1.0 mmol    5.95a  5.79ab 5.42cd 4.97ef 4.73fgh 4.20k 5.16C 

OA 2.0 mmol    5.95a 5.67abc 5.40cd 4.78fgh 4.66ghi 4.29jk 5.12C 

OA 3.0 mmol  5.95a 5.72ab 5.57bc 5.19de 4.73fgh 4.39ijk 5.26B 

OA 4.0 mmol    5.95a 5.90a 5.86a 5.40cd 4.88fg 4.67ghi 5.44A 

Means** 5.95A 5.74B 5.48C 5.02D 4.69E 4.24F  

LSD             T=0.0850        W=0.0974       TW=0.2907 
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Fig.   55: Effect of different concentrations of oxalic acid on ascorbic acid      

    content of peach fruit cv. ‘Flordaking’ during the years 2009 and            

    2010 stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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declined in 2.0 mmol L-1 OA and control fruit during five week storage. 

Mean values for AA content for the year 2009 revealed highly significant 

effects of oxalic acid treatments (Table 57.2). 4.0 mmol L-1 OA had maximum 

levels of AA (5.44) as  compared  with  other  treatments.  Lowest  values  for    

AA (4.95) were  recorded  in control. No  significant  difference  was  found for  

1.0  and 2.0 mmol L-1 concentrations of OA (mg 100-1g). Results for weekly 

intervals revealed that AA content of peach fruit decreased gradually throughout 

five week storage period (Fig. 55). 

Ascorbic acid (AA) content plays important role in maintaining nutritive 

value of stored fruits. During storage of fruit generally, it has been observed that if 

AA is retained enough then other nutrients are also intact (Fennema, 1996; Rueda, 

2005). Ascorbic is lost in cold storage and or at ambient temperatures (Sayyari et 

al., 2010). It is affirm that browning initiates when AA is exhausted and this is 

because dehydroascorbic acid produced in result of oxidation reaction does not take 

part in the reaction course (McEvily et al., 1992; Whitaker, 1994) and they have 

also reported that AA is capable to change the absorption arrays by reducing 

quinines again to the same colorless diphenol (McEvily et al., 1992; Whitaker, 

1994).  

To the best of our knowledge, no work (research) has yet been conducted to 

ascertain oxalic acid effects on the ascorbic acid content of peach fruits. Our study 

results depict that OA treatments significantly affected AA content of peach fruits 

during storage for both years. Highest (4.0 mmol) OA treatment showed maximum 

AA content of peach followed by 3.0 mmol as compared with control fruits. Peach 

fruits treated with lower OA concentrations had lesser AA content but higher than 
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that of control fruits. The mechanism adopted by oxalic acid through which it 

increased the AA content is not well-known. However, it has been reported that OA 

being a natural antioxidant suppresses lipid peroxidation in vitro in a concentration 

dependant manner and decreases the AA oxidation (Kayashima and Katayama, 

2002). Similar results to our study have been reported by Sayyari et al. (2010) that 

OA treatments to pomegranate increased ascorbic acid content along with lower 

losses in total phenolics, total anthocyanins and titratable acidity.   

Means for intervals indicate that AA content of peach fruits had decreasing 

tendency from the beginning and maintained the same till end of the experiment. 

However, OA treatments apparently maintained higher AA content during the 

entire storage period. Only 4.0 mmol OA showed stability in AA content during 

first week then started to decline till end of the experiment. 

4.6.16 Effect of Oxalic Acid on Free Radical Scavenging Activity 

Results pertaining to free radical scavenging activity in peach fruit cv. 

‘Flordaking’ were evaluated during storage period, reveal significant differences 

for the treatments and weekly intervals (Table 58.1) for the year 2008 experiment. 

Higher OA concentrations 4.0 or 3.0 mmol L-1 respectively had increased FRSA 

(70.38 and 70.18) compared with control. Lowest levels of FRSA (67.05) were 

observed in untreated fruits (control) during five weeks storage period. Means for 

weekly intervals showed steady increase for RSA till week three then started to 

drop towards the end of storage period (Fig. 56). 

Highly significant results were obtained for FRSA during the storage period 
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Table 58.1: Effect  of   different  concentrations   of  oxalic  acid  on  free  radical   
         scavenging activity of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC  
         during the year 2009. 

          

 

 

 

 Table 58.2: Effect  of  different   concentrations  of  oxalic  acid  on  free  radical     

        scavenging activity of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC  

        during the year 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip            64.72k 66.01ijk 66.96hij 69.62def 69.47d-g 65.50jk 67.05C 
OA 1.0 mmol   64.72k 66.86ijk 69.12d-h 70.19cd 70.62cd 67.56f-j 68.18B 
OA 2.0 mmol   64.72k 67.59f-ij 69.54def 69.90de 70.37cd 67.96e-i 68.35B 
OA 3.0 mmol  64.72k 67.85e-i 70.33cd 73.27ab 73.96a 70.93cd 70.18A 
OA 4.0 mmol   64.72k 67.28g-j 71.22bcd 73.49a 73.42ab 72.17abc 70.38A 

Means** 64.72d 67.12c 69.43b 71.30a 71.57a 68.83b  

LSD                 T=0.6459          W=0.7405          TW=2.2099 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 

DW Dip           68.53hi 69.25ghi 71.53d-g 72.14c-f 71.99c-f 68.02i 70.24D 

OA 1.0 mmol   68.53hi 70.15f-i 72.24c-f 74.44abc 73.66a-d 70.41f-i 71.57C 

OA 2.0 mmol   68.53hi 70.41f-i 70.68e-h 74.94ab 74.10abc 72.12c-f 71.80BC 

OA 3.0 mmol  68.53hi 71.63d-g 73.86a-d 73.47a-d 73.73a-d 73.07b-e 72.38AB 

OA 4.0 mmol   68.53hi 70.75e-h 74.40abc 75.83a 75.14ab 73.51a-d 73.03A 

Means** 68.53E 70.44D 72.54B 74.16A 73.72A 71.43C  

LSD                 T=0.7228          W=0.8286          TW=2.4730 
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Fig.  56: Effect of different concentrations of oxalic acid on free radical scavenging 

   activity  of  peach fruit  cv.‘Flordaking’  during  the years 2009 and 2010 

   stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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for the year 2009 (Table 58.2). 4.0 mmol L-1 of OA had relatively higher FRSA 

(73.03) as compared with control. Lower OA concentrations (1.0 and 2.0 mmol L-1) 

were found statistically similar for FRSA (p < 0.05). Results for weekly intervals 

show similar trend for both years (Fig. 56). Overall greater inhibition percentage 

was noted in peach fruits treated with OA 4.0 mmol L-1 during week three.  

Besides evaluating the quality attributes of fruit and vegetables, free radical 

scavenging activity estimation is also considered necessary. Antioxidants are 

believed to have the capability to scavenge free radicals. Generally, fruits have high 

FRSA because they affluence in total antioxidants which include vitamins and 

different polyphenolics. However, free radical scavenging activity may vary 

cultivar to cultivar and species to species (Award et al., 2001; Kondo et al., 2005). 

A number of conducted studies revealed that during the antioxidant losses 

examination AA (ascorbic acid) has been found the most reactive among tha 

antioxidants (Shewfelt and Purvis, 1995). Srilaong and Tatsumi (2003) reported 

that FRSA decreased as fruit life advanced towards senescence. When tissues 

confronted senescence then membrane damage is imperative at this stage 

antioxidant substances including AA may accumulate in the damaged cell for 

repair. This accumulation copes with enhanced FRSA and ROS (reactive oxygen 

species), involved in cellular injuries or death (Sonia and Chaves, 2006).  

Our results showed that FRSA in peach fruit (cv. Flordaking) was 

significantly affected by different OA concentrations during storage period. 

Highest OA (4.0 mmol) concentration had maximum FRSA as compared with 

control fruits for both years of experiments. Higher OA concentrations were found 

statistically at par (p < 0.05). Lower OA (1.0 or 2.0 mmol) concentrations in 
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comparison with higher concentrations exhibited lesser FRSA activity however; 

these had significantly increased FRSA than that of non treated fruits (control). 

Minimum FRSA was recorded in control fruits during the whole storage period. 

Our study results could explain the increased FRSA along with increased ascorbic 

acid and total phenolic content in OA treated fruits. Similarly Chen and Ho (1995) 

stated that phenoilc compounds were extremely efficient in scavenging the free 

radicals. Increased FRSA in the peel of pear fruits was followed by phenol 

accumulation (Isidoro and Almeida, 2008) as it was also similarly reported in the 

apple peel (Golding et al., 2001; Shaham et al., 2003). Oxalic acid has been 

reported to maintain membrane integrity in peach fruits through inhibition of lipid 

peroxidation (Zheng et al., 2007a); membrane disruption due to chilling injury in 

pomegranate fruits was reduced by oxalic acid during long storage period (Sayyari 

et al., 2010), protecting membrane integrity through decreasing oxidation and 

inhibiting enzymatic browning during storage (Zheng and Tian, 2006), in similar 

way we found that OA significantly maintained membrane integrity directly or 

indirectly. The interaction between treatments and storage period remained was 

significant during both years. Results showed that FRSA increased during first 

three weeks and then dropped for rest of the storage period.  

4.6.17 Effect of Oxalic Acid on Superoxide Dismutase Activity 

 Mean values for treatments revealed 4.0 mmol L-1 OA showed maximum 

(367.10 U g-1 FW) superoxide dismutase (SOD) activity during storage period for 

the   year   2008  (Table 59.1).  On   the  other  hand  lowest  SOD  activity
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Table 59.1: Effect  of   different  concentrations  of  oxalic   acid  on  superoxide  

        dismutase  activity  of  peach fruit cv. ‘Flordaking’  stored  at  0 ±0.3 

                   ºC during the 2009. 

       

 

 

 

Table 59.2: Effect  of  different   concentrations of  oxalic  acid  on  superoxide  

        dismutase  activity  of  peach  fruit cv. ‘Flordaking’ stored at 0 ±0.3 

                    ºC during the 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05 

(Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

Means* Oxalic acid 0 1 2 3 4 5 
DW Dip           324.89n 330.22lmn 343.17jk 370.77d-g 362.62gh 362.26gh 348.99D 
OA 1.0 mmol   324.89n 331.79lmn 338.59j-m 374.61def 368.65e-h 371.92dg 351.74CD 
OA 2.0 mmol   324.89n 333.59k-n 345.63j 377.45de 364.69fgh 377.99de 354.04C 
OA 3.0 mmol  324.89n 329.35mn 348.36ij 389.39bc 371.50d-g 389.70bc 358.87B 

OA 4.0 mmol   324.89n 340.80jkl 357.77hi 397.37ab 379.92cd 401.86a 367.10A 

Means** 324.89E 333.15D 346.70C 381.92A 369.48B 380.74A  

LSD                  T=3.1900        W=3.6572         TW=10.915 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means*
DW Dip           337.91lm 320.77o 324.13no 324.08no 344.84jkl 350.21ij 333.66D 
OA 1.0 mmol   337.91lm 326.91no 339.43kl 371.42def 366.83efg 357.50hi 350.00C 

OA 2.0 mmol   337.91lm 328.22no 342.06kl 370.75def 360.15gh 374.04de 352.19C 

OA 3.0 mmol  337.91lm 331.13mn 345.94jk 375.93cd 364.29fgh 373.20de 354.73B 

OA 4.0 mmol   337.91lm 390.53ab 347.08jk 392.11a 369.42def 383.52bc 370.09A 

Means** 337.91C 339.51C 339.73C 366.86  A 361.10B 367.69A 
 

LSD                 T=2.2847         W=2.6194          TW=7.8173 
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Fig.   57: Effect of different concentrations of oxalic acid on superoxide dismutase 

     activity  of peach  fruit cv. ‘Flordaking’ during the years 2009 and 2010    

     stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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(348.99 U g-1 FW) was recorded in control fruits. 4.0 mmol L-1 and 3.0 mmol L-1 

showed higher activity than control during week three and five. Lower OA 

concentrations (1.0 mmol L-1 and 2.0 mmol L-1) had lesser effect on SOD activity 

as compared with higher concentrations. SOD activity in all treatments increased 

from the beginning to third week, and the same decreased during fourth week then 

again increase was observed toward the end of the experiment (Fig. 57).  

The year 2009 results in respect to SOD activity indicated statistical 

significance among the treatments (Table 59.2). Maximum SOD activity (370.09 U 

g-1 FW) was noted in fruits treated with 4.0 mmol L-1 OA compared with control. 

While lowest activity (333.66 U g-1 FW) was observed in control. Lower OA 

concentrations (1.0 and 2.0 mmol L-1) remained statistically at par (p < 0.05). In 

contrast to previous year’s results means of this year in respect of weekly intervals 

revealed that SOD activity remained unchanged during first three weeks, increased 

to highest week three and then declined on week four and an increase was observed 

again at the end of experiment (Fig. 57). 

Superoxide dismutase has hallmark of first defense line during oxidative 

stresses to which   fruits   confront   during   storage period.  SOD  acts  as  a major  

defense   against  cellular  membranes  damage  due  to reactive  oxygen species 

because of oxidative damages to which organisms are exposed (Natvig et al., 

1996). The catalytic ability of SOD through which superoxide free radicals (O2
– ) is 

dismutated to hydrogen peroxide (H2O2) further to this catalase and POD convert 

H2O2 to H2O and O2 (Mondal et al., 2004; Schantz et al., 1995). Damage to cells 

can be avoided through SOD and CAT activity by the conversion of hazardous 

superoxide radicals and hydrogen peroxide to molecular O2 and H2O (Scandalios, 
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1993a). Enzymes are localized in the compartments of subcellular level and entire 

aerobic organisms that go under oxidative stress (Blokhina et al., 2003). Higher 

superoxide dismutase and CAT (catalase) activities have great influence in 

delaying senescence (Lacan and Baccou, 1998). 

In present study, SOD activity in peach fruit was significantly affected by 

OA treatments during five week storage period. fruits treated with 4.0 mmol OA 

exhibited significantly increased SOD activity during the entire storage period for 

both the years. Least SOD activity was showed by untreated fruits (control). 

Apparently, higher OA concentrations showed higher SOD activity when compared 

with lower OA concentrations. Lower OA (1.0 or 2.0 mmol) concentrations 

remained statistically at par at p < 0.05 % during both the years. In general, all OA 

concentrations increased the SOD activity which is indicative of ability of treated 

peach fruits to withstand against oxidative damage during storage period. Similar 

results proved our findings that peach fruits treated with oxalic acid had increased 

SOD activity than that of control fruits (Zheng et al., 2007a). OA or SA treatments 

to mango fruits enhanced SOD activity compared with control during storage 

period (Ding et al., 2007). Pre-harvest treatment of oxalic acid to the pepper leaves, 

alleviated membrane damage and decreased the production of hydrogen peroxide 

(Zhang et al., 2001). Pre-treatment of rice leaves with oxalic acid, increased SOD 

activity and this might account for protective effects of oxalic acid (Peng et al., 

2001). Some researchers reported that OA had no effect on the SOD activity of 

litchi fruits but possibly played a role in protecting membrane integrity by 

declining oxidation during storage (Zheng and Tian, 2006).  
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In this study, the interaction between treatments and weekly intervals was 

recorded significant. The SOD activity gradually started increasing and reached to 

a peak during week three and then declined during fourth week and again increase 

was observed during the fifth week of experiment whereas, the activity in control 

fruits remained decreased through the entire experiment period of year 2009. 

4.6.18 Effect of Oxalic Acid on Catalase Activity 

Catalase (CAT) activity was measured to conclude the effect of oxalic acid 

in peach fruit cv. ‘Flordaking’ during storage period (Table 60.1) for the year 2008. 

Results showed significant increase in CAT activity (46.99 U g-1 FW) for fruits 

treated with 4.0 mmol L-1 OA while, least activity (39.88 U g-1 FW) was recorded 

in control fruits compared with rest of the treatments. 1.0 mmol L-1 OA showed no 

effect and remained at par with control (p < 0.05). Means for weekly intervals 

indicated consistent increase throughout the experiment duration (Fig. 58). Highest 

activity was exhibited by 4.0 mmol L-1 OA during week five of storage period. 

Treatment means in table 60.2 revealed that the activity of CAT during the 

year 2009 also increased in peach fruit as the concentrations of oxalic  acid  

increased (Table 62.1). Maximum level of CAT activity (45.49 U g-1 FW) was 

noted for 4.0 mmol L-1 OA as compared with control. Non significant variations 

among lower concentrations (1.0 mmol L-1 2.0 mmol L-1) of OA and control were 

there however, least CAT activity (41.04 U g-1 FW) was found in control fruits 

compared with highest OA concentrations. Both higher concentrations of OA 

differed  significantly from  lower  concentrations  and  control. Average  means of  

weekly  intervals show  steady  increase  till week  four then  declined in fifth week 
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Table 60.1: Effect of different concentrations of oxalic acid on catalase activity of 
         peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

         

 

 

 

 

Table 60.2: Effect of different concentrations of oxalic acid on catalase activity of 

         peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05 

(Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip             35.40j 39.68ij 43.15e-i 40.28hij 39.78ij 41.02f-i 39.88C 

OA 1.0 mmol    35.40j 41.58e-i 43.52d-i 40.45g-j 42.89e-i 43.56d-i 41.23C 

OA 2.0 mmol    35.40j 42.54e-i 44.13d-i 44.64d-i 45.83b-g 46.65b-e 43.20B 

OA 3.0 mmol  35.40j 41.32e-i 45.63c-h 45.62ch 46.12b-f 46.03b-f 43.35B 

OA 4.0 mmol    35.40j 43.68d-i 48.85a-d 50.25abc 51.12ab 52.66a 46.99A 

Means** 35.40C 41.76B 45.06A 44.25A 45.15A 45.99A  

LSD                 T=1.5749          W=1.8056          TW=5.3886 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 

DW Dip            31.74k 38.38ij 44.14d-h 43.59e-i 44.83c-h 43.57e-i 41.04B 

OA 1.0 mmol   31.74k 40.30hij 41.79ghi 42.46f-i 47.72b-f 44.16d-h 41.36B 

OA 2.0 mmol   31.74k 38.18ij 42.50f-i 46.24b-g 47.99b-e 45.04c-h 41.95B 

OA 3.0 mmol  31.74k 39.88hij 46.20b-g 48.17b-e 50.09abc 51.06ab 44.52A 

OA 4.0 mmol   31.74k 34.82jk 47.47b-f 49.24a-d 51.05ab 54.22a 45.49A 

Means** 31.74E 38.31D 44.42C 45.94BC 48.34A 47.61AB  

LSD                 T=1.6020         W=1.8366         TW=5.4813 
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Fig.   58: Effect of  different concentrations of oxalic acid on catalase activity of  

     peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at 0  

     ±0.3 ºC. Vertical bars indicate ± SE of the means. 



280 
 

(Fig. 58). 

Catalase belongs to the important antioxidant enzymes group which 

decomposes hydrogen (H2O2) into water and oxygen during oxidative metabolism. 

CAT activity is recognized as to be a main factor in cellular resistance, which is 

involved in detoxification of hydrogen peroxide toxic effects. It has been 

documented by Ng et al. (2005) that lower CAT activities depict the reduced cell 

capability to scavenge hydrogen peroxide. 

The study under discussion reveals that CAT activity in peach fruit cv. 

‘Flordaking’ was significantly regulated by OA treatments during both the years. 

Highest OA (4.0 mmol) concentration significantly increased CAT activity when 

compared with lower concentrations and control during five week storage period. 

Statistically there was no difference between lower OA concentrations and control. 

However, least activity of CAT was noted in untreated fruits for both the years. 

Results similar to this study have also been documented by Zheng et al. (2007a) 

that peach fruits treated with oxalic acid greatly increased the CAT activity along 

with other antioxidant enzymatic activities as well during storage period. They also 

described that oxalic acid markedly increased antioxidant enzymes activities (SOD, 

CAT and POD) in peach fruit, which resultantly enhanced the antioxidative 

capability to diminish the oxidative damage. Variance of analysis showed that the 

interaction between treatments and weekly intervals was significant. The enhancing 

trend in CAT activity was found during entire storage period in all treatments. 

However, 4.0 mmol OA treated fruits up held the CAT activity during storage 

period when compared with rest of the treatments. At low temperatures during 

storage CAT activity remains decreased (Wang, 1995). But in our study, higher OA 
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concentration induced higher CAT activity under storage at low temperature 

regime and it can be referred to the ability of OA in maintaining fruit quality which 

was partly because of increased CAT activity.  

4.6.19 Effect of Oxalic Acid on Peroxidase Activity 

Significant variations for peroxidase (POD) activity were found among the 

treatments during storage period for the year 2008 (Table 61.1). The highest POD 

activity (35.01) was registered by 4.0 mmol L-1 OA compared with control. Lowest 

POD activity value (25.52) was recorded in control fruits. Fruits treated with 2.0 

mmol L-1 and 3.0 mmol L-1 OA had no significant difference between them. POD 

activity increased from start of the week first and kept increasing up to fifth week 

(Fig. 59).  Week five was noted with maximum POD activity (44.52) in peach fruits 

treated with 4.0 mmol L-1 OA wheres control fruits had maximum activity on week 

four and then decreased subsequently (Fig. 59).   

Peroxidase activity of peach fruit cv. ‘Flordaking’ was greatly influenced by 

different OA concentrations during five weeks storage period for the year 2009 of 

the study (Table 61.2). The level of POD activity (39.73) was higher in fruits 

treated with 4.0 mmol L-1 OA compared with control fruits. Among all the 

treatments control fruits showed lowest POD activity (27.62). As per means of 

weekly intervals POD activity enhanced progressively in both treated and untreated 

fruit then declined in fifth week during experiment year 2010 (Fig. 59). 

In some fruits, flesh deterioration due to browning is directly associated 

with phenol-related metabolic enzymes peroxidase (POD) and polyphenol oxidase 

(PPO) (Loaiza and Saltveit, 2001), fruit quality losses because of phenolics
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Table 61.1: Effect of different concentrations of oxalic acid on peroxidase activity 

        of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

 

 

 

 

Table 61.2: Effect of different concentrations of oxalic acid on peroxidase activity 

        of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip            22.99k 23.87k 24.18k 25.94jk 29.47g-j 26.65ijk 25.52D 
OA 1.0 mmol    22.99k 30.10g-j 29.69g-j 33.31e-h 36.29c-f 34.33d-g 31.12C 
OA 2.0 mmol    22.99k 30.88ghi 31.46f-i 34.23d-g 38.43cd 36.27c-f 32.38BC 
OA 3.0 mmol  22.99k 29.17hij 30.57g-j 36.62cde 41.03abc 39.85abc 33.37B 
OA 4.0 mmol    22.99k 29.22hij 30.62g-j 39.06bcd 43.65ab 44.52a 35.01A 

Means** 22.99D 28.65C 29.30C 33.83B 37.77A 36.32A  

LSD                T=1.4357         W=1.6460         TW=4.9123 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip            25.96k 25.97k 27.20jk 30.17h-k 29.38ijk 27.03jk 27.62E 
OA 1.0 mmol   25.96k 33.49e-i 31.07g-j 33.59e-i 33.06f-i 32.28f-i 31.58D 
OA 2.0 mmol   25.96k 35.88c-f 36.69c-f 35.95c-f 35.55c-g 36.35c-f 34.39C 
OA 3.0 mmol  25.96k 34.65d-h 37.83cde 39.15bcd 39.54bc 37.77cde 35.82B 
OA 4.0 mmol   25.96k 36.84c-f 39.55bc 42.96ab 46.99a 46.10a 39.73A 

Means** 25.96D 33.36C 34.47BC 36.36A 36.91A 35.91AB  

LSD                 T=1.3509         W=1.5487       TW=4.6221 
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Fig.   59: Effect of different  concentrations  of oxalic acid on POD activity of  

     peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at                  

     0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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degradation is also linked with peroxidase and polyphenol oxidase enzymes 

(Francois and Espin, 2001) because POD during H2O2 clearing, oxidize polyphenol 

substances resulting in browning in fruits and vegetables (Zhang and Zhang, 2008). 

POD is also involved in disease resistance in higher plants by generating phenolics 

cross-link that connect neighboring biopolymer chain (Devi and Prasad, 1996). 

This is why some non toxic levels of chemical compounds are used as exogenous 

treatment to maintain the physical quality of fruits along with balanced antioxidant 

enzymes activity.  

 In this study, OA treatment to harvested peach fruits (cv. Flordaking) was 

evaluated for its effects on the POD activity during five week storage period. 4.0 

mmol OA concentration showed significantly highest POD activity as compared 

with other OA concentrations and control for both years. While, least POD activity 

was recorded in untreated fruits (control). This might be correlated to the oxalic 

acid effect in maintaining membrane integrity thus increasing the fruit life during 

storage. Zheng et al. (2007a) have also ascribed membrane integrity in peach fruits 

during storage to pre-storage oxalic acid treatment effects. In agreement to our 

results Zheng et al. (2007a) also reported that peach fruits treated with higher OA 

(5.0 mmol) concentration had increased POD activity when compared with lower 

concentration (1.0 mmol) and control. Oxalic acid being disease resistant enhanced 

POD activity along with inducing synthesis of new peroxidase  isoforms in 

watermelons (Zhang et al., 1998; Zheng et al., 1999). Tian et al. (2006) who 

reported harvested pear fruits treated with OA exhibited increased activity of 

defense-related enzymes (POD, PPO and PAL).  
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Analysis of variance for treatments and weekly intervals show significant 

differences for both years. Generally, POD activity increased during the entire 

storage period except slightly tilted at the end of experiment.   

4.6.20 Effect of Oxalic Acid on Polyphenol Oxidase Activity 

Polyphenol oxidase (PPO) activity (15.20) was markedly suppressed by 4.0 

mmol L-1OA during five week storage period for the year 2008 (Table 62.1). 

Maximum PPO activity (17.88) was recorded in control fruits with respect to OA 

treated fruits. OA concentrations 1.0, 2.0 and 3.0 mmol L-1 were noted with non 

significant difference (p < 0.05). Results pertaining to weekly intervals revealed 

that PPO activity remained stagnant up to week two then increased during week 

three and four, thereafter it decreased at the end (Fig. 60).  

 Average treatment means showed that control fruits had relatively alleviated 

PPO activity (24.79) compared with rest of treatments during storage period for the 

year 2009 (Table 62.2). In contrast to control, fruits treated with 4.0 mmol L-1 OA 

had minimum PPO activity (20.72) values. Weekly interval means show more or 

less similar trend as of previous year’s (Fig. 60). However, PPO activity in control 

fruits reached to its peak during week four and then with slight decline in fifth 

week.  

As mentioned in previous chapter that PPO has the ability to catalyze 

several phenols to result in quinines. Several plant, animal, fungal and bacterial 

PPOs based upon amino acid sequences, that has two conserved copper binding 

sites (Van et al., 1997) and the same binuclear copper provides bases for enzyme 

(PPO) and substrates interactions (Lerch, 1995). PPO inhibitions by OA are based  
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Table 62.1: Effect of different concentrations of oxalic acid on polyphenol oxidase 

        activity of peach fruit cv. ‘Flordaking’ stored  at  0 ±0.3 ºC  during  the  

        year 2009. 

 

 

 

 

Table 62.2: Effect of different concentrations of oxalic acid on polyphenol oxidase 

        activity of peach  fruit cv.  ‘Flordaking’  stored at 0 ±0.3 ºC during the   

        year 2010. 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip            13.36g 13.69fg 14.70d-g 20.92abc 22.93a 21.66ab 7.88A 

OA 1.0 mmol    13.36g 13.00g 14.32efg 20.21abc 20.57abc 19.84a-d 16.88AB 

OA 2.0 mmol    13.36g 13.40g 13.75fg 18.96a-f 19.52a-e 19.86a-d 16.48ABC 

OA 3.0 mmol  13.36g 13.41g 13.56g 17.22b-g 19.85a-d 19.45a-e 16.14BC 

OA 4.0 mmol    13.36g 13.09g 13.56g 16.17c-g 17.92a-g 17.10b-g 15.20C 

Means** 13.36B 13.32B 13.979B 18.69A 20.16A 19.58A  

LSD                 T=1.5418         W=1.7676        TW=5.2753 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 

DW Dip            17.46g 23.47cde 23.21c-f 25.81a-d 29.51a 29.31ab 24.79A  

OA 1.0 mmol   17.46g 18.04efg 24.85a-d 25.93a-d 29.22ab 26.92abc 23.74AB 

OA 2.0 mmol   17.46g 17.35g 22.99c-g 23.99a-d 26.95abc 26.41a-d 22.53BC 

OA 3.0 mmol  17.46g 17.85efg 22.41c-g 22.11c-g 25.43a-d 23.76bcd 21.50CD 

OA 4.0 mmol   17.46g 17.57fg 21.04d-g 23.18c-f 23.24cde 21.80c-g 20.72D 

Means** 17.46D 18.86D 22.90C 24.21BC 26.87A 25.64AB  

LSD                 T=1.6569         W=1.8995         TW=5.6691 
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Fig.   60: Effect of different concentrations of oxalic acid on polyphenol oxidase  

     activity of peach fruit cv. ‘Flordaking’ during the years 2009 and 2010  

     stored at 0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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on its capability to bind and chelate copper at active site, with or without the 

presence of substrate (Yoruk and Marshall, 2003; Sato, 1980b; Yong et al., 1990; 

Son et al., 2000). Most of the browning in stored fruit and vegetables are often 

PPO-catalyzed. The fruits or vegetables quickly undergo browning due to peeling, 

slicing, bruising or disease which, cause skin color shift, off flavor, texture and 

dietary quality (Mathew and Parpia, 1971; Matheis and Whitaker, 1984; Yoruk and 

Marshall, 2003).  

The findings of under discussion study showed that OA significantly 

affected the PPO activity in peach fruits during storage period. Minimum PPO 

activity was observed in highest OA (4.0 mmol) concentration as compared with 

other OA concentrations and control for both year. Although, lower OA 

concentrations had not significantly performed but induced lower PPO activity than 

that of in control fruits. Highest PPO activity was found in control fruits. This 

oxalic acid effect on lowering of PPO activity in peach fruits may be attributed to 

its capability to bind and chelate the binuclear copper of PPO enzyme. Litchi fruits 

treated with oxalic acid had lower level of PPO activity and increased anthocyanins 

with less browning as compared with control (Saengnil et al., 2006). Yoruk and 

Marshall (2003) reported that oxalic acid markedly decreased PPO activity in fresh-

cut surfaces of ‘Red Delicious’ apples when compared with other dicarboxylic 

acids (malomic, succinic or glutaric acids). OA have also been documented to play 

role in inhibiting browning in apple (Ferrar and Walker, 1993); litchi fruits (Zheng 

and Tian, 2006); sweet cherry (Pifferi et al., 1974); spinach (Sato, 1980a and 

1980b) and mushroom (Yong et al., 1990; Son et al., 2000). In another study by 

Ferrar and Walker (1993) who reported that PPO activity was pH dependant in 
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‘Gala’ apples, which was inhibited by oxalic acid due to its acidulent ability. 

Richardson and Hyslop (1985) reported that mostly acids could delay polyphenol 

oxidase activity with the help of decreasing pH and or chelating of copper in edible 

items. These outcomes are also in conformity with the above researchers outcomes 

that oxalic acid significantly inhibited PPO activity also by maintaining pH of 

peach fruits (Tables 55.1 and 55.2) during storage. 

4.6.21 Effect of Oxalic Acid on Total Phenolics Content 

Highly significant results were observed for total phenolic content in peach 

fruit cv. ‘Flordaking’ for the year 2008  (Table 63.1). Content  of  total  phenolic 

(70.91 mg GAE 100 g-1) was significantly high in peach fruits treated with 4.0 mmol 

L-1 OA during weeks five storage period. On the other hand control fruits were 

found to be lowest for total phenolic content (61.88 mg GAE 100 g-1) compared with 

other treatments. Lower OA concentrations were found statistically at par (p < 

0.05). As per results for weekly intervals, total phenolic content increased in all the 

treatments until week three then it declined sharply till week five during storage 

period (Fig. 61).  

For the year 2009, total phenolic content (73.71 mg GAE 100 g-1) was found 

significantly higher in peach fruits treated with 4.0 mmol L-1 OA during five week 

storage period (Table 63.2). Least content of total phenolic (68.78 mg GAE 100 g-1) 

was registered by control fruits compared with rest of the treatments however, 

control fruits and fruits treated with lower concentration of 1.0 mmol L-1 OA 

remained non significant (p < 0.05). Weekly intervals showed almost similar trends 

for total phenolic content during both years for five week storage period (Fig. 61).  
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Table 63.1: Effect  of  different  concentrations  of oxalic  acid  on total phenolics  

        content (mg GAE 100g-1 FW) of peach fruit cv. ‘Flordaking’ stored at  

        0 ±0.3 ºC during the year 2009. 

 

 

 

 

Table 63.2: Effect  of  different  concentrations  of  oxalic acid on total phenolics  

        content (mg GAE 100g-1 FW) of peach fruit cv. ‘Flordaking’ stored at  

                   0 ±0.3 ºC during the year 2010. 

 *, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means*

DW Dip           57.89ijk 58.03h-k 76.04e 76.36de 53.89klm 49.18m 61.88D 
OA 1.0 mmol   57.89ijk 61.65ghi 77.90de 75.83e 54.26kl 52.25lm 63.29C 
OA 2.0 mmol   57.89ijk 59.43g-j 78.28de 80.91cd 51.72lm 53.42klm 63.61C 
OA 3.0 mmol  57.89ijk 62.69gh 80.08cde 85.86ab 60.73ghi 55.43jkl 67.11B 
OA 4.0 mmol   57.89ijk 63.86fg 83.59bc 90.17a 67.64f 62.28ghi 70.91A 

Means** 57.88D 61.13C 79.17B 81.82A 57.63D 54.51E  

LSD                 T=1.3918          W=1.5956          TW=4.7620 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip           64.84fgh 63.72f-i 81.04de 92.47ab 61.42f-g 49.12k 68.78CD 
OA 1.0 mmol   64.84fgh 62.08f-i 79.93e 88.68abc 60.24ghi 48.04k 67.30D 
OA 2.0 mmol   64.84fgh 66.14fg 82.80cde 95.04a 62.25f-i 53.15jk 70.70BC 
OA 3.0 mmol  64.84fgh 66.15fg 87.49bcd 95.14a 64.20fgh 65.92ij 72.45AB 
OA 4.0 mmol   64.84fgh 67.51f 90.08ab 95.13a 65.66fgh 59.04hij 73.71A 

Means** 64.84CD 65.12C 84.27B 93.29A 62.75D 53.25E  

LSD                 T=1.9899          W=2.2813          TW=6.8085 
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Fig.   61: Effect of different concentrations of oxalic acid on total phenolics content 

    of peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at           

    0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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Phenolic compounds defend various cell structures of fruits from ultra 

violet radiation lethal consequences by working as filters. They localize usually as 

flavonols in the peel of fruit (Hamauzu, 2006). To avoid fruit browning, naturally 

occuring phenolics substrates are distanced from polyphenol oxidase by 

compartmentalization (Marques et al., 1995; Crumiere, 2000). Membrane 

disruption causes tissue browning that is led by senescence coupled with 

membranes lipids peroxidation (Thompson et al., 1987). Increase in browning 

cause decreased total phenolics and enhancement in PPO activity (Cai et al., 2006).  

The findings of our study revealed that maximum total phenolic content was 

registered by peach fruits treated with highest OA (4.0 mmol) concentration 

compared with control during storage period for both years. Influence of lower OA 

concentrations were found non significant (p < 0.05) on total phenolic content level 

but had higher content than that of control. Similar findings have also been found 

by Sayyari et al., (2010) who reported oxalic acid treated pomegranate fruits had 

fewer losses of total phenolics than control during storage. Means for weekly 

intervals depicted that generally, total phenolics content raised during first three 

weeks then declined lower than the day first of experiment during both years. The 

outcomes of our study showed that OA treatments upheld the levels of total 

phenolics with significance than untreated fruits. It may be because of OA aided to 

maintain membrane integrity resulting in intact compartmentalization as 

documented earlier that maintained the phenolic substrates disengage from PPO.    

4.6.22 Effect of Oxalic Acid on Relative Electrical Conductivity 

 The    membrane   permeability  has been   expressed  as   percent   relative 
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Table 64.1: Effect of  different  concentrations  of  oxalic  acid on relative electrical 

         conductivity   percentage  of   peach   fruit  cv. ‘Flordaking’  stored   at  

                    0 ±0.3 ºC during the year 2009. 

 

 

 

 

Table 64.2: Effect of different  concentrations  of oxalic acid on relative electrical         

        conductivity in  percentage  of  peach fruit  cv. ‘Flordaking’  stored at  

        0 ±0.3 ºC during the year 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip           32.83jkl 39.51e-i 41.35c-g 45.92a-d 49.65a 48.56ab 42.97A  
OA 1.0 mmol   32.83jkl 34.49i-l 36.02h-l 40.66d-h 42.65c-f 46.41abc 38.84B 
OA 2.0 mmol   32.83jkl 32.91jkl 37.45f-j 44.28b-e 41.49c-g 46.22abc 39.20B 
OA 3.0 mmol  32.83jkl 30.85l 35.56h-l 39.77e-i 39.37e-i 42.47c-f 36.80C 
OA 4.0 mmol   32.83jkl 31.64kl 33.93jkl 36.84g-k 39.89e-h 41.94c-g 36.18C 

Means** 32.83D 33.88D 36.86C 41.495   B 42.61B 45.12A  

                  LSD                 T=1.5431         W=1.7691         TW=5.2797 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip            48.34ghi 53.46e-i 53.23e-i 64.08bc 68.77ab 75.96a 60.64A  
OA 1.0 mmol    48.34ghi 48.26ghi 52.11f-i 57.17c-g 63.56bcd 70.76ab 56.70B 
OA 2.0 mmol    48.34ghi 48.66ghi 50.80f-i 54.24d-i 63.21bcd 69.71ab 55.83B 
OA 3.0 mmol  48.34ghi 45.59i 47.52hi 52.08f-i 56.49c-h 62.04b-e 52.01C 
OA 4.0 mmol    48.34ghi 45.98i 45.43i 51.21f-i 54.11d-i 59.15c-f 50.70C 

Means** 48.34D 48.39D 49.82D 55.76C 61.22B 67.52A 
 

LSD                 T=2.7924         W=3.2013         TW=9.5542 
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Fig.   62: Effect of different concentrations of oxalic acid on relative electrical  

     conductivity  percentage  of  peach  fruit cv. ‘Flordaking’ during the                   

     years 2009 and 2010 stored at 0 ±0.3 ºC. Vertical bars indicate ± SE  

     of the means. 
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electrical conductivity (REC). As per average means highest values for REC 

(42.97) were found in control fruits for the year 2008 (Table 64.1). In general, 

oxalic acid treatments significantly maintained cell membrane integrity for longer 

as compared with control during five  week  storage  period. Fruits treated with 4.0 

mmol L-1 OA had lower REC (36.18) values compared rest of the treatments. 

Means for weekly intervals showed that relative electrical conductivity consistently 

increased reaching to its maximum at the end of experiment (Fig. 62). 

 Percent REC for the year 2009 was recorded with significance among the 

treatments during five week storage period (Table 64.2). Lowest levels of REC 

(50.70) were observed in fruit treated with 4.0 mmol L-1 OA with respect to the 

control fruits. While maximum losses in cell membrane integrity (60.64%) were 

noted in control fruits. Weekly interval means showed stability in REC changes till 

week two then it started increasing and reached to a peak on week five (Fig. 62). 

Relative electrical conductivity in harvested fruits and vegetables is 

increased from their skin tissues during ripening and senescing and its degree of 

intensity determines quality status of the commodity. High REC levels make fruits 

prone to reactive oxygen species (ROS), such as O2
-, OH- and H2O2 (Cai et al., 

2006; Tian et al., 2007). These free radicals reactions target unsaturated 

phospholipids that result in membranes fluidity loss and possible cellular lysis 

(Opara and Rockway, 2006). Membrane and lipids remain defenseless to oxidation 

and peroxidative responses in result of free radicals reaction. Lipids peroxidation 

induced by free radicals results in cellular damage due to inactivating enzyme 

present in membrane and their receptors, depolymerization of polysaccharides, 

cross-linking and fragmenting proteins. Consequently, membranes fluidity and 
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structures fails resulting in usual cells functions failure (Rahman, 2003; Ng et al., 

2005). 

In present experiment, OA treatment to peach fruits resulted in significant 

difference for relative electrical conductivity. It is apparent from results that control 

fruits had highest levels of REC during storage period. Highest OA concentrations 

treated fruits were found with least levels of REC compared with lower 

concentrations of OA and that of control fruits for both years in similar pattern. 4.0 

and 3.0 mmol OA was recorded with no significant difference between them 

however, the earlier exhibited least REC levels. As this has already been suggested 

that high antioxidant enzymes activities induced by OA in turn contributed to 

overall fruit quality with maintained membrane integrity which, resulted in ultimate 

delayed senescence of peach fruit during cold storage period. Thus, this would 

elucidate why we find significantly decreased REC in peach fruits induced by 

oxalic acid during storage period. In conformity to our results Zheng et al. (2007a) 

reported peach fruits treated with OA found with lower relative leakage when 

compared with control fruits. Similar findings have also been documented by 

Sayyari et al. (2010) who observed oxalic acid treated pomegranate fruits with 

significantly decreased electrolyte leakage than that of control. During storage 

treated litchi fruits have been found to have decreased relative leakage rate than 

non oxalic acid treated fruits (Zheng and Tian, 2006). The interaction between 

treatments and weekly intervals was observed with stable REC levels at initial 

stage then it started increasing till end of the experiment. Pomegranate fruits also  

showed  increased  REC  levels  during  prolonged  storage  (Sayyari et al., 2010). 

Thus, we find our results proved by above mentioned research reports. 
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4.6.23 Effect of Oxalic Acid on Fruit Texture 

Fruit Texture of peach fruit cv. ‘Flordaking’ was significantly regulated by 

different treatments of OA during five week storage period for the year 2009 (Table 

65.1). 4.0 mmol L-1 OA had increased texture values (7.68) compared with control. 

Least scores (6.47), for texture was noted in control fruits. Means for weekly 

intervals showed a permanent decrease in fruit texture during five week storage 

period (Fig. 63). 

 Treatment means for texture revealed maximum values (7.86) were scored 

by 4.0 mmol L-1 for the year 2009 (Table 65.2). While control fruits scored least 

values (6.47) compared with OA concentrations. Concentrations 1.0 and 2.0 mmol 

L-1 of OA were found statistically same (p < 0.05) for the both years. Results 

pertaining to weekly intervals showed similar trend as of previous year results, 

quality attributes of texture decreased with passage of time during storage period 

(Fig. 63). 

Texture parameter of organoleptic, is comprised of those characteristics of a 

commodity which, can be evaluated by touching. Fruit textural properties can be 

assessed by skin and muscle senses in the mouth. During ripening fruits are subject 

to a series of biochemical changes. Softening is caused due to change in 

polysaccharides. Changes in carbohydrates or starch conversion into sugars, 

organic acids, lipids, phenolics and volatile compounds altogether result in fruit 

ripening and textural softening to acceptable status (Herianus et al., 2003). The 

postharvest   quality   of  fruits  and  vegetables  can  be assessed  by  their  physical  
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Table 65.1: Effect of different concentrations of oxalic acid on organoleptic texture 

         scores  of  peach  fruit  cv. ‘Flordaking’  stored  at 0 ±0.3 ºC during the 

         year 2009. 

 

 

 

 

Table 65.2: Effect of different concentrations of oxalic acid on organoleptic texture 

         scores  of  peach  fruit  cv. ‘Flordaking’  stored  at 0 ±0.3 ºC during the 

         year 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip                8.27a 7.83ab 7.87ab 6.00de 5.03ef 4.97f 6.66C 
OA 1.0 mmol       8.27a 8.17a 8.03a 7.67ab 6.97bcd 6.23d 7.55B 

OA 2.0 mmol       8.27a 8.03a 7.90ab 7.80ab 7.37abc 6.50cd 7.64AB 

OA 3.0 mmol  8.27a 7.90ab 8.13a 7.90ab 7.53ab 6.90bcd 7.77AB 

OA 4.0 mmol       8.27a 8.10a 8.10a 8.03a 7.87ab 7.00bcd 7.89A 

Means** 8.27A 8.01A 8.01A 7.48B 6.95C 6.32D  

LSD                 T=0.3007       W=0.3448       TW=1.0290 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip               8.40a 7.87ab 7.57bc 5.73efg 4.67hi 4.57i 6.47D 
OA 1.0 mmol       8.40a 7.97ab 7.77abc 5.77efg 5.43fgh 5.10ghi 6.74C 

OA 2.0 mmol       8.40a 8.03ab 7.77abc 6.00ef 5.83efg 5.33f-i 6.89C 

OA 3.0 mmol  8.40a 8.03ab 7.90ab 7.00cd 6.27de 5.93ef 7.25B 

OA 4.0 mmol       8.40a 8.10ab 8.03ab 7.70abc 7.37bc 6.47de 7.68A 

Means** 8.40A 8.00B 7.81B 6.44C 5.91D 5.48E 
 

LSD                 T=0.2286        W=0.2621        TW=0.7821 
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Fig.   63: Effect of different concentrations of oxalic acid on organoleptic texture of 

      peach fruit cv. ‘Flordaking’ during the years 2009 and 2010 stored at           

      0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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look (freshness, colors, free from  decomposition  or  any  disorder)  and  textures  

such  as  firmness and  juiciness (Fernando et al., 2004).   

Present work revealed that OA treatments significantly maintained 

increased fruit texture compared with control for both years. Maximum scores for 

fruit texture were recorded in 4.0 mmol concentration of OA treated peach fruits. 

However, rest of the OA concentrations remained statistically at par but higher than 

control fruits. The reason for maximum texture may be attributed to less movement 

of water molecules from cell structure and reduced activity of pectinase such as 

polygalacturonidase. Similar reasons have also been reported by Weichmann 

(1987). Moreover, maximum softening in texture of control fruits may be due to 

increased protopectin conversion to water-soluble pectin. The interaction between 

treatments and weekly intervals was significant and showed increasing trend for 

first two weeks and thereafter declined till end of the experiment for the year 2008 

while during the year 2009 fruit texture showed decreasing trend.   

4.6.24 Effect of Oxalic Acid on Flavor 

Means regarding flavor of peach fruit cv. ‘Flordaking’ showed significant 

effects of oxalic acid for the year 2008 (Table 66.1). Increased values (7.47) were 

scored in fruits treated with 4.0 mmol L-1 OA during five week storage period. On 

the other side control fruits had minimum flavor values (6.58) compared with OA 

concentrations. Weekly interval means indicate a linear decrease in fruit flavor 

throughout the storage period (Fig. 64). 

Highest OA concentration (4.0 mmol L-1) had the most flavor scores (7.26) 

compared   with  rest   of  the  treatments   including   control  for  the  year  2009 
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Table 66.1: Effect of different concentrations of oxalic acid on flavour of peach  

        fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

 

 

Table 66.2: Effect of different concentrations of oxalic acid on flavour of peach  

        fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip              8.53a 7.93a-d 7.20d-h 5.87klm 5.13mn 4.80n 6.58D 
OA 1.0 mmol      8.53a 8.07abc 7.40c-f 6.43h-k 6.00jkl 5.10mn 6.92C 

OA 2.0 mmol      8.53a 8.10abc 7.60b-e 6.57g-k 6.03jkl 5.33lmn 7.03BC 

OA 3.0 mmol  8.53a 8.2ab 7.87a-d 6.77f-j 6.23ijk 5.80klm 7.23B 

OA 4.0 mmol      8.53a 8.20ab 7.70bcd 7.27d-g 6.83e-i 6.30ijk 7.47A 

Means** 8.53A 8.10B 7.55C 6.58D 6.05E 5.47F 
 

LSD                 T=0.2290         W=0.2626         TW=0.7836 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip               8.13a 7.77ab 7.07de 6.00hi 4.90jk 4.63k 6.42D 
OA 1.0 mmol      8.13a 7.80ab 7.33cd 6.33gh 5.73i 5.27j 6.77C 

OA 2.0 mmol      8.13a 7.87ab 7.60bc 6.53fg 5.97hi 5.73i 6.97B 

OA 3.0 mmol  8.13a 7.93ab 7.67bc 6.90ef 6.27gh 5.97hi 7.14A 

OA 4.0 mmol      8.13a 7.97ab 7.63bc 7.03de 6.57fg 6.23gh 7.26A 

Means** 8.13A 7.87B 7.46C 6.56D 5.89E 5.57F 
 

LSD                 T=0.1178         W=0.1350        TW=0.4030 
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Fig.   64: Effect of different concentrations of oxalic acid on flavour of peach  

     fruit  cv. ‘Flordaking’  during  the  years  2009  and  2010  stored at    

     0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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(Table 66.2). Whereas least flavor values (6.42) were scored in control fruits. 

Means for weekly intervals showed a constant decrease in fruit flavor throughout 

the experimental weeks (Fig. 64). 

Flavor is an important parameter to judge the fruit quality. Pelayo and 

Kader (2003) described flavor as a main factor in consumer acceptability and 

further demand for fruits and generally, foods. Further to their appreciable 

appearance, fruits fulfill our nutritional requirement chiefly providing energy, 

vitamins, minerals, and vitamins (Ayala-Zavala et al., 2004). Usually, abundant 

color accumulation in fruit skin, present a low flavor quality. 

As per findings of the study, OA treatments had substantial effect on flavor 

of peach fruit cv. ‘Flordaking’ during storage period of both years. Fruits treated 

with 4.0 mmol OA obtained maximum flavor scores when compared with non OA 

treated fruits (control). Minimum flavor scores were recorded in control fruits. 

Higher OA (4.0 or 3.0 mmol) concentrations remained non significant during the 

year 2009. Low flavor scores may be attributed to the most red (a*) skin color with 

low sugar and acid content in control fruits. In agreement with our results other 

researchers have also reported that “Delicious” apples on attaining maximum color 

had low flavor quality (Miller et al., 1998). Means for weekly intervals of both 

years indicate a continual decline in all treatments for flavor peaches during five 

week storage period.    

4.6.25 Effect of Oxalic Acid on Taste 

Means pertaining to fruit taste has been noted in peach fruit cv. ‘Flordaking’ 

with significant differences among the treatments for the year 2008 (Table 67.1). 
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Table 67.1: Effect of different concentrations of oxalic acid on taste of peach fruit 

         cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

 

 

Table 67.2: Effect of different concentrations of oxalic acid on taste of peach fruit 

         cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2010. 

 

*, ** = Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 
Oxalic acid 0 1 2 3 4 5 Means* 

DW Dip                 8.10a 8.00a 7.50a-e 6.10hij 5.40jk 4.90k 6.67C 
OA 1.0 mmol        8.10a 8.03a 7.57a-e 6.90d-g 6.03ij 5.47jk 7.03B 

OA 2.0 mmol        8.10a 8.10a 7.53a-e 7.07c-g 6.47f-i 5.47jk 7.12B 

OA 3.0 mmol  8.10a 8.17a 7.77abc 7.43a-e 7.00c-g 6.33ghi 7.47A 

OA 4.0 mmol        8.10a 8.03a 7.90ab 7.63a-d 7.20b-f 6.83e-h 7.62A 

Means** 8.10A 8.08A 7.65B 7.03C 6.42D 5.80E 
 

LSD                 T=0.2301         W=0.2638         TW=0.7872 

Treatment 
Storage period (weeks) 

 
Oxalic acid 0 1 2 3 4 5 Means* 

DW Dip                8.00a 7.60ab 7.03c-f 6.63fgh 5.77k 5.13l 6.69D 

OA 1.0 mmol       8.00a 8.00a 7.37bcd 7.00def 6.23hij 5.97jk 7.09C 

OA 2.0 mmol       8.00a 7.90a 7.63ab 7.10cde 6.47ghi 6.17ijk 7.21C 

OA 3.0 mmol  8.00a 7.93a 7.73ab 7.43bc 6.73efg 6.47ghi 7.38B 

OA 4.0 mmol       8.00a 8.00a 7.93a 7.63ab 7.10cde 6.83efg 7.58A 

Means** 8.00A 7.89A 7.54B 7.16C 6.46D 6.11E 
 

LSD                 T=0.1198          W=0.1198         TW=0.4100 
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Fig.   65: Effect of different concentrations of oxalic acid on taste of peach fruit     

     cv. ‘Flordaking’  during  the years  2009 and 2010 stored at 0 ±0.3 ºC.      

     Vertical bars indicate ± SE of the means. 
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Maximum taste (7.62) was recorded in fruits treated with 4.0 mmol L-1 OA during 

five week storage period. Minimum fruit taste (6.67) was registered by control 

compared with other treatments. Lower OA concentrations (1.0 mmol L-1 and 2.0 

mmol L-1) had lesser effects on taste and found to be non-significant at 5% 

probability. Weekly interval results show a persistent decline in peach fruit taste 

(Fig. 65).   

 Results  for  the  year 2009   showed   increased  taste   scores   (7.58) in  

4.0 mmol L-1 OA treated fruits during five week storage period (Table 67.2). 

Lowest taste values (6.69) were found in control fruits compared with OA 

concentrations. Means for weekly intervals revealed that changes in fruit taste 

remained stable during week one then started declining constantly throughout the 

experiment (Fig. 65). 

Taste of any fruit is mainly dependant on soluble solids content and acids 

ratio. Taste is perceived by specialized buds on tongue. Among many types of 

tastes a few of them are main chemical sensations such as sweetness, bitterness and 

tartness. Sweetness in fruits due to sugars and organic acids are responsible for 

sourness in many fruits (Kays, 1991). Increasing conversion of starch into sugars 

results in higher taste scores. 

Present trial indicates significant effect of different OA concentrations on 

the peach fruit taste during both years. Highest OA concentrations demonstrated 

increased peach fruit taste as compared with lower OA concentrations and control. 

However, 4.0 mmol OA had maximum taste scores than that of control fruits. This 

may be in result of high sugar content and relatively high titratable acidity content 
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in OA treated fruits. The outcomes are in confirmation with those of Kader (1990) 

who reported that better quality strawberries required increased sugar and relatively 

increased acid content. The interaction between treatments and storage period was 

significant and showed stability for taste at initial stage and then decreased till end 

of the experiment. This suggested that declining taste trend is indicative of 

exhaustion of nutritional quality. 4.0 mmol OA was observed with highest taste 

scores during the entire storage period.  

4.6.26 Effect of Oxalic Acid on Overall Acceptability 

Taste attributes of peach fruit cv. ‘Flordaking’ was evaluated with 

significant results among the treatments during five week storage period for the 

year 2008 (Table 68.1). Higher concentration 4.0 mmol L-1 had highest overall 

acceptability scores (7.66) compared with control fruits while least overall 

acceptability scores (6.63) were recorded in control fruits compared with rest of 

treatments. Results relevant to weekly intervals showed higher overall acceptability 

of fruit during first two weeks then it exhibited decrease untill end of the storage 

period (Fig. 66).    

The overall acceptability attributes were observed with highly significant 

differences among the treatments for the year 2009 (Table 68.2). Most overall 

acceptance (7.50) was noted in fruits treated with 4.0 mmol L-1 OA. Minimum 

overall acceptability values (6.52) were scored by control fruits compared with 

other treatments. Means for weekly intervals showed a permanent decline in fruit 

overall acceptability during five week storage period (Fig. 66). 

Generally, all quality  parameters  contribute  to overall acceptability  of  a 
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Table 68.1: Effect    of   different    concentrations    of   oxalic   acid   on   overall 

        of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during the year 2009. 

 

 

 

 

Table 68.2: Effect    of    different     concentrations    of   oxalic   acid  on  overall 

        acceptaability of peach fruit cv. ‘Flordaking’ stored at 0 ±0.3 ºC during 

        the year 2010. 

*, **= Means followed by different letters are significantly different at P < 0.05  

 (Tukey’s Multiple Range Test) 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip                 8.30a 7.92abc 7.52cde 5.99jk 5.18lm 4.88m 6.63D 
OA 1.0 mmol        8.30a 8.11ab 7.67bcd 7.00fgh 6.33ij 5.60kl 7.17C 

OA 2.0 mmol        8.30a 8.08ab 7.67bcd 7.14efg 6.62hi 5.76k 7.26C 

OA 3.0 mmol  8.30a 8.09ab 7.92abc 7.37def 6.92fgh 6.35ij 7.49B 

OA 4.0 mmol        8.30a 8.11ab 7.90abc 7.64bcd 7.30def 6.71ghi 7.66A 

Means** 8.30A 8.06B 7.74C 7.03D 6.47E 5.86F 
 

LSD                 T=0.1413           W=0.1620         TW=0.4835 

Treatment 
Storage period (weeks) 

 

Oxalic acid 0 1 2 3 4 5 Means* 
DW Dip                8.18a 7.74bcd 7.22ef 6.12hi 5.11m 4.77n 6.52E 
OA 1.0 mmol       8.18a 7.92abc 7.49de 6.36ghi 5.79jk 5.44l 6.86D 

OA 2.0 mmol       8.18a 7.93abc 7.67cd 6.54g 6.09ij 5.74kl 7.02C 

OA 3.0 mmol  8.18a 7.97abc 7.77bcd 7.11f 6.42gh 6.12hi 7.26B 

OA 4.0 mmol       8.18a 8.02ab 7.87abc 7.45de 7.01f 6.51g 7.50A 

Means** 8.18A 7.92B 7.60C 6.72D 6.08E 5.72F 
 

LSD                 T=0.0945          W=0.1084         TW=0.3234a 
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Fig.   66: Effect of different concentrations of oxalic acid on overall acceptability of 

     peach fruit cv.‘Flordaking’ during the years 2009 and 2010 stored at                

     0 ±0.3 ºC. Vertical bars indicate ± SE of the means. 
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commodity. In present study, overall acceptability is the average of organoleptic 

parameters suchlike texture, flavor or taste. Overall acceptability of peach fruits is 

greatly influenced by appearance, color, texture and flavor (Garg et al., 2005).  

 Our study results showed that OA concentrations significantly affected the 

overall acceptability of peach fruit cv. ‘Flordaking’. Peach fruits treated with 4.0 

mmol OA obtained highest overall acceptability scores compared with control 

fruits during storage period. Lower OA concentrations were found statistically at 

par (p < 0.05) and obtained higher overall acceptability scores than that of control 

during the year 2008. Some other researchers have also reported that treated fruits 

had enhanced overall acceptability when compared with control (Bablar et al., 

2007). The interaction between treatments and storage period was recorded 

statistically significant. The means for weekly intervals showed a continuous 

declining trend during both years.    

4.7 CONCLUSION 

Oxalic acid with lower concentrations (1.0 and 2.0 mmol) exhibited non 

significant attributes on quality of peach fruit cv. ‘Flordaking’ as compared to 

control. Highest concentration (4.0 mmol) of OA resulted increased fruit weight, 

maintained higher flesh firmness and high L* values than rest of the treatments. 

High doses of OA (4.0 or 3.0 mmol) showed significantly increased FRSA and 

lowest PPO activity during five week storage of peach fruit cv. ‘Flordaking’. Peach 

fruits treated with 4.0 mmol OA recorded with enhanced activities of antioxidant 

enzymes (SOD, CAT and POD), higher content of ascorbic acid and total phenolics 

in comparison  with  rest of  concentrations  and control. Sensory evaluation proved 

the highest overall acceptability of fruits treated with 4.0 mmol OA. 
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GENERAL DISCUSSION 

 

 Fruits and vegetables essentially provide vitamins and antioxidant which 

scavenge dangerous free radicals. Experiments on peach tree, rootstocks 

postharvest life of fruits have demonstrated numerous physiological changes (fruit 

weight losses, changes in skin color and both enzymatic and non-enzymatic 

antioxidants) happening during pre- and postharvest scenario. Changes in these 

quality constituents adversely alter fruit quality intimately resulting fruit 

deterioration. Peach is a very popular fruit but its perishable nature limits the shelf 

life. Therefore, research is being conducted to find appropriate rootstocks for peach 

tree and cost-efficient postharvest treatments for its fruits to maintain their quality 

and increase storage life. This study was designed to find out suitable rootstock by 

comparing the performance both at pre-harvest and postharvest stages of two local 

(Peshawar Local and Swat Local) and one exotic rootstock (GF-677). Two 

naturally occurring two chemicals (salicylic acid and oxalic acid) were also applied 

as postharvest treatments to peach fruit cv. ‘Flordaking’ for the extention in 

storage. The physiological along with antioxidants changes were evaluated during 

five weeks storage period in response to these treatments.  

 The study comprised of three experiments one regarding rootstocks 

performance and two for postharvest applications. The results of first part revealed 

significant differences among the rootstocks performance both at pre-harvest and 

postharvest storage period. The major differences were found in the performance of 

three rootstocks and GF-677 rootstock showed significant results for 

macronutrients uptake. Phosphorus being an essential element involved in use, 
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transfer and accumulation of energy in plant cells and is an integral part of DNA 

structure. Toit et al. (1995) who stated that GF-677 rootstock showed significantly 

increased phosphorus uptake than rest of the rootstocks. Rootstocks affect on 

nutrients content levels of leaf has been well documented. In cherry trees leaf 

content of phosphorus was significantly altered by rootstocks (Jimenez et al., 

2007). Leaf potassium content was significantly higher in trees grafted on PL 

rootstock. K is a vital macronutrient and very important for substantial fruit growth. 

K played key role in increasing fruit size i-e, up to 8 percent (George et al., 1988). 

Fe content of leaf was significantly high in trees grafted on GF-677 

rootstock than PL and SL rootstocks. Generally, Fe deficiency occurs in rare cases 

but this deficiency is common in plants grown on calcareous soils due to high pH 

which restricts its mobility in plants resulting in iron chlorosis (Basar, 2002; 

Tagliavini and Marangoni, 2002; Toselli et al., 1997).  

Zinc and Mn were found significantly higher in the leaves of trees grafted 

on GF-677 rootstock while Cu was significantly higher in the leaves of trees 

grafted on PL rootstock followed by GF-677 and SL rootstocks. Several 

researchers have reported GF-677 as an intermediate rootstock for Cu absorption 

(Tsipouridis et al., 2005; Tsipouridis and Thomidis, 2005) and these findings 

support our results.  

Non significant results were recorded among the treatments for fruit growth 

and these findings are confirmed by the results of Bregoli et al. (2002) who 

described no rootstocks effect on fruit growth pattern of peach cv. ‘Redhaven’. 

Trunk cross sectional area was increased by GF-677 rootstock followed by PL 
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rootstock. Trees of cv. ‘Flordaking’ grafted on GF-677 had highest yield but 

remained statistically non significant from PL. our results are supported by the 

prior work done by Tsipouridis and Thomidis (2005) who reported that GF-677 

induced higher yield and better quality peach fruits cv. ‘May Crest’ than rest of ten 

peach rootstocks. Number of fruit per tree was highest in trees on GF-677 followed 

by PL while SL rootstock showed increased fruit size than GF-677 and PL 

rootstocks. It is well known that fruit size and number of fruit on tree are negatively 

linear correalted to each other (Walsh et al., 2007).   

Fruits harvested from three rootstocks were seperately stored in a cold store 

at 0 °C and 90% RH for five weeks. During five week storage fruits of trees on SL 

rootstock showed increased weight loss while GF-677 tend to retain fruit weight 

with minimum losses followed by PL during both years of study. No prior work 

was found reported done regarding effect of rootstocks on weight loss in peach fruit 

during storage. Similarly, study on changes in fruit skin color during cold storage 

was also found untraced in literature. Rootstocks were found significantly different 

from each other for changes in skin color. Skin color L* values can be accounted 

for total pigments (Silva et al., 2005). GF-677 showed gratest L* values followed 

by PL while a*, b* and C* values were also maintained at lower levels in the same 

rootstocks. The increased level of a*, b* and C* values depict great changes in the 

fruit skin while high L* values describe freshness of the produce. Fruit surface with 

increased moisture results in higher L* values (Delwiche and Baumgardner, 1985).  

Fruit firmness is considerably attributed to quality, Hoehn et al. (2003) and 

Lu (2004) ascribed it main consideration of consumers. GF-677 exhibited firmer 

fruit flesh followed by PL during five week of storage period. The outcomes of our 
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study are in line with the prior work of Tsipouridis and Thomidis (2005) who 

reported that GF-677 induced highest fruit firmness of peach cv. ‘May Crest’. 

Titratable acidity, soluble solids and aroma all together make flavor of a fruit and 

are used as stick yard for quality measurement (Ferguson and Boyd, 2002). GF-677 

induced higher TA content than rest of rootstocks for both years of study. Fruits of 

trees on SL could not maintain higher levels of TA and this can be correlated to 

higher weight losses, increased pH and early softening of fruit resulted in rapid 

changes in skin color during storage.  

Ascorbic acid retained at higher levels in fruits during storage and it is 

believed that rest of the nutrients would be also intact (Fennema, 1996; Rueda, 

2005; Ozkan et al., 2004). In findings of this study, GF-677 showed significance in 

retaining higher content of AA followed by PL at end of fifth week of storage 

period. It is confirmed fact that AA decreases during processing and storage 

(Veltman, 2000) and believed that this decrease leads to senescence and worsens 

quality (Watada et al.; 1987).  

During ROS activity free radicals are produced which are scavenged by 

antioxidants activities. In case of senescence or damage to tissues amount of 

antioxidant including AA increase in cells and try to recompense the damage which 

results in rise of FRSA. Fruits of peach cv. ‘Flordaking’ on GF-677 had 

significantly higher FRSA followed by PL during both years of experiment. These 

findings are backed by the available literature which describes that antioxidants 

activities in peach fruit are rootstock dependent (Di Vaio et al., 2001; Forlani et al., 

2003; Scalzo et al., 2005; Kubota et al., 2001; Giorgi et al., 2005).  



315 
 

Salicylic acid being from phenoloic compounds group has been extensively 

studied including its role in enhancing postharvest life and maintaining quality of 

fruits. SA has been well documented to have diversifeid regulatory roles in plant 

metabolism (Popova et al., 1997).  Its application has been reported to enhance 

shelf life of fruits by managing their firmness. Several researchers have reported 

that peach fruit flesh firmness was maintained significantly by salicylic acid 

application during storage (Wang et al., 2006; Li and Han, 1999; Yan et al., 1998). 

Variance of analysis for second part of study showed that higher 

concentration of SA (2.0 mmol L-1) exhibited significantly least weight loss during 

both years of storage while control fruit had higher weight loss. Many researchers 

have documented stomatal regulation by SA resulting inhibition of respiration rate 

thus minimizing fruit weight loss (Manthe et al., 1992; Zheng and Zhang, 2004). 

SA application on ‘Delicia’ peach fruits had significantly higher fruit weight when 

compared with control (Abbasi et al., 2010).   

Application of edible chemicals can regulate skin color of fruits (Tasneem, 

2004). The study under discussion revealed that peach fruit cv. ‘Flordaking’ 

showed significant effects in regulating fruit skin color by the SA application. 

Higher concentrations of SA (1.5 or 2.0 mmol L-1) significantly maintained 

increased L* values than lower concentrations and control during five weeks of 

storage. Other color coordinates such as a* and b* were found with less changes in 

fruits treated with salicylic acid 2.0 mmol L-1 concentration. Higher a* values 

indicate increased redness of fruit skin color which can be attributed to greater 

changes in quality.  
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Quality attributes such as fruit firmness was conspicuously higher in 2.0 

mmol L-1 SA treated fruits than rest of concentrations and control. When water-

soluble pectin becomes solubilize peach fruits start softening (Pressy and Avants, 

1973) which cause deterioration to cell wall integrity (Fishman et al., 1993). These 

results find resemblance with the results of Li and Han (1999), and Yan et al. 

(1998) who reported that peaches treated with optimal SA dose increased flesh 

firmness. 

All the treatments showed consistently increased soluble solids 

concentration with increase in storage period. Fruits treated with 2.0 mmol L-1 SA 

had maximum levels of SSC and titratable acidity at the end of five week storage 

period of both years of study. While these both parameters were observed at 

minimum levels in lower SA concentrations and control fruits. Chinese water 

chestnut treated with SA had increased SSC, TA and AA content (Peng and Jiang, 

2006). 

Fruits are rich sources enzymatic and non enzymatic antioxidants 

responsible for high rates of free radical scavenging activity. Fruits treated with 

higher dose SA (1.5 or 2.0 mmol L-1) were noted with greater FRSA activity than 

treated with lower concentrations (0.5 or 1.0 mmol L-1) and control fruits. SA has 

been reported to be potent antioxidant compound having capability to scavenge free 

radicals (Campanella et al., 2003) and these are correlated to changes in chemical 

and physical parameters such as flesh firmness and peel color of fruit (Dalla et al., 

2007). Peach fruit after treatment with SA alleviated chilling injury due to its 

ability to trigger antioxidant activity (Wang et al., 2006).   
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About 91% of ascorbic acid is obtained from fruits and vegetables for 

human diet (Akhtar, 2010). During storage fruits are observed with decreased 

ascorbic acid content reason is organic acids usage through respiration process 

otherwise its conversions to sugars (Kader, 2002). In agreement to this statement 

our study also came across to results which showed a consistent reduction in 

ascorbic acid contents during storage period. However, higher concentrations of SA 

(1.5 or 2.0 mmol L-1) exhibited increased AA content of peach fruit than that of 

lower concentrations and control. Results of this study are in agreement with the 

results of Ruoyi et al. (2005) who reported peach fruits when treated with SA had 

increased AA content after 50 days storage period. 

Superoxide dismutase as a first defensive line among the antioxidant 

enzymes,, catalysis the dismutation of superoxide free radicals to hydrogen 

peroxide. Results of the study reveal that SA treatments remarkably maintained 

higher SOD activity when compared with control during storage for both years. 

Within SA treatments higher concentration (2.0 mmol L-1) significantly maintained 

increased SOD activity. Peach fruits were observed with increased SOD activity 

when treated with salicylic acid (Tian et al. 2007). 

In this study, catalase activity was also found significantly higher in peach 

fruits treated with higher concentrations of SA than treated with lower 

concentrations and control. Catalase enzyme plays important role in controlling 

reactive oxygen species (ROS), especially H2O2. SA 2.0 mmol L-1 had significantly 

higher catalase activity compared with rest of concentrations and control. Ng et al. 

(2005) documented their findings that lower catalase activity proposed weakened 

cell capability to scavenge hydrogen peroxide. In agreement to our study, Mo et al. 
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(2008) reported that higher SA concentration not only increased CAT activity but 

also prevented this activity to decline in SA treated sugar apple fruits compared 

with lower concentrations and control. 

Peroxidase activity decomposes H2O2 by oxidation of phenolic compounds 

(Tian et al., 2007). Results pertaining to POD activity showed that SA 1.5 or 2.0 

mmol L-1 concentrations significantly increased POD activity and remained 

statistically at par through both years of study. While in contrast, lower 

concentrations exhibited no effect on the POD activity of peach fruits during five 

week storage period. salicylic acid have been well documented to enhance POD 

activity such as Mandrin fruits exhibited continual increase in POD activity stored 

at 4 ºC for four weeks and papaya fruits at 5 ºC and 15 ºC for thirty day storage (El-

hilali et al., 2003 and Setha et al., 2000 respectively). 

Polyphenol oxidase activity responsible for browning in fruits was 

significantly at higher level in untreated fruits (control) when compared with fruits 

treated with higher dose SA (2.0 mmol L-1) during five weeks storage period. Other 

SA concentrations showed non significant effect on PPO activity of peach fruit cv. 

‘Flordaking’. A similar study has been reviewed that peach fruits treated with 2.0 

mmol L-1 SA decreased PPO activity during storage at 0 ºC. 

Electrolyte leakage, being an index for quantifying the damage received by 

fruit cell membrane was significantly decreased in fruits treated with 2.0 mmol L-1 

SA in comparison with control. Exceptionally 2.0 mmol L-1, rest of SA 

concentrations showed no significance among them. SA pre-treatment (grain 
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soaked in 1 mM salicylic acid before sowing) decreased electrolyte leakage in 

barley seedlings grown in salt stress conditions (El-Tayeb, 2005).   

     Peach fruit cv. ‘Flordaking’ treated with salicylic acid had significantly 

maximum content of total phenol compared with control during storage period for 

both years. Higher SA (2.0 mmol L-1) showed maximum TP content when 

compared with other concentrations. Towards the end of storage period TP content 

declined in all treatments. Toor and Savage (2006) also reported decrease in total 

phenolics contents at the end of storage period and attributed it to decomposition of 

cell structure. Similarly salicylic acid treated ‘Cara cara’ navel oranges were 

observed with increased TP content and in this regard higher SA concentration 

showed greater results (Huang et al., 2008).  

For sensory evaluation peach fruits of cv. ‘Flordaking’ of all treatments 

were evaluated by a panel of judes and results were found significantly different for 

texture, flavor, taste and overall acceptability. A general picture (overall 

acceptability) of fruit quality acceptable to consumers was assessed from 

calculations of corresponding average means of texture, flavor and taste. For peach 

fruit such parameters like appearance, color, texture and flavor result in remarkable 

impact on overall acceptability of the fruit (Garg et al., 2005). Salicylic acid 2.0 

mmol L-1 concentration was noted for overall acceptability with remarkably highest 

score compared with rest of treatments whereas control fruits showed least scores. 

Strawberry fruits treated with SA significantly increased its overall acceptability 

especially 2.0 mmol L-1 SA was most effective concentration and without 

negatively affecting fruit quality during storage (Bablar et al. 2007).    
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Oxalic acid being an organic acid normally found in plants was used as 

exogenous postharvest treatment in third part of the study. Weight loss means for 

treatments reveal that maximum weight of fruit was maintained in peach fruit 

treated with 4.0 mmol L-1 OA compared with untreated fruits (control). All the 

treatments kept increasing weight loss during the entire experiment.   

Changes in skin color such as L* values were higher in skin of peach fruit 

treated with 4.0 mmol L-1 OA compared with control. While other color 

coordinates such as a* and b* values were found significantly decreased in 4.0 

mmol L-1 OA treated fruits during storage period for both years. Decreased a* and 

b* values are indication of less redness, increased chlorophyll and firmness of fruit 

(Amoros et al., 1989; Marini et al., 1991). 

This study reveals that firmness was significantly influenced by OA 

treatments during five week of storage. Higher OA (4.0 mmol L-1) concentration 

demonstrated significance in maintaining peach fruit firmer than other 

concentrations and control during both years of experiment. These findings are 

confirmed by Zheng et al. (2007a) who described that peach fruit maintained 

firmness by OA treatment compared with non treated fruit (control). In another 

study mango fruits showed decreased softening when treated with oxalic acid 

(Zheng et al., 2005).  

Soluble solids content and titratable acidity of peach fruit cv. ‘Flordaking’ 

were significantly higher in OA treated fruits when compared with control. Within 

concentrations comparison OA 4.0 mmol L-1 treated fruits were recorded with 

highest SSC and TA. Reviewed literatures also indicated that OA enhanced SSC in 
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mango fruits in result of alleviated injury (Ding et al., 2007) and inhibit TA 

decrease in mango fruits (Zheng et al., 2007b).    

Both total and reducing sugars were noted maximum in peach fruits treated 

with higher OA concentrations than lower and untreated fruits (control). Total and 

reducing sugars were observed with gradual increase in all treatments as storage 

period passed.  

 All OA concentrations had significantly maximum FRSA when compared 

with control. While within concentrations comparison, higher OA concentrations 

were observed with significantly highest FRSA during storage for both years of 

study. Ascorbic acid contents of peach fruit decreased in all treatments with the 

passage of time. However, OA treated fruits had significantly higher content of 

ascorbic acid than control fruits. Among OA concentrations 4.0 mmol L-1 exhibited 

maximum fruit ascorbic acid content. AA is known to be main factor in 

maintaining nutritional value of stored fruits. If enough amount of AA is present in 

stored product then it is believed that other nutrients are also intact (Fennema, 

1996; Rueda, 2005). As per available literature no research work has yet been done 

regarding OA effect on ascorbic acid content of peach fruit. 

SOD being front line for defense against cellular membrane damage caused 

by ROS through oxidative process to which organisms confront (Natvig et al., 

1996). Lacan and Baccou (1998) attributed higher SOD and CAT activities to 

delayed senescence. Superoxide dismutase activity was significantly higher in 

fruits treated with 4.0 mmol L-1 OA compared with rest of concentrations and 

control. Similar findings have also been described by Zheng et al. (2007a) that 
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peach fruits when treated with OA had greater SOD activity than that of control 

fruits.  

Catalse activity was found increasing during the storage period except a tilt 

was observed in lower concentrations of OA and control at the end of experiment. 

CAT activity transforms lethal free radicals into O2 and H2O to avert danger to 

cells (Scandalios, 1993a). OA higher concentrations have been found to remarkably 

kept CAT activity at increased rate than lower concentrations and control. Lower 

OA concentrations did not show remarkable difference from control fruits. In 

agreement to our findings other researchers have also reported that OA a potent 

chemical that increased CAT activity to a greater extent in peach fruits (Zheng et 

al. 2007a). 

Present study reveals that peroxidase activity was significantly affected by 

OA treatments in peach fruit during storage period. POD activity was recorded 

significantly higher in 4.0 mmol L-1 OA treated peach fruit cv. ‘Flordaking’ than 

the rest of concentrations and control during five week storage period. Similarly, 

higher concentration of OA (4.0 mmol L-1) has been reported to increase POD 

activity in peach fruit than lower concentration (1.0 mmol L-1) and control (Zheng 

et al., 2007a). 

The activity of polyphenol oxidase was not much affected by OA 

applications however, higher concentration of OA (4.0 mmol L-1) decreased the 

PPO activity to great extent as compared with control fruits. Numerous other 

studies have also reported role of OA in retarding or decreasing PPO activity in 
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fruits such as litchi (Saengnil et al., 2006), fresh-cut surfaces of ‘Red Delicious’ 

(Yoruk and Marshall 2003) and sweet cherry (Pifferi et al., 1974). 

Phenolic compounds localized in the peel of fruits (Hamauzu, 2006) protect 

cell structures of fruits from damaging effects of UV radiation. OA (4.0 mmol L-1) 

significantly maintained higher TP content of peach fruit compared with control 

during both years of study. Reviewed literature support our study findings that 

pomegranate fruits treated with oxalic acid showed decreased losses of TP 

compared with control during storage (Sayyari et al., 2010). 

Relative electrical conductivity of peach fruit was significantly affected by 

OA treatments during storage in both study years. Though, there was statistically 

no significant difference among different OA concentrations however, 4.0 mmol L-

1 had higher TP content of fruit. While, highest REC was noted in control fruit. In 

conformity to findings of this study Zheng et al. (2007a) also reported decreased 

REC in peach and pomegranate fruits (Sayyari et al., 2010) when compared with 

their respective control. 

Results of sensory evaluation showed significant differences for texture, 

flavor, taste and overall acceptability when peach fruit was treated with oxalic acid. 

Overall acceptability is the resultant of average calculated from means of texture, 

flavor and taste. OA 4.0 mmol L-1 had highest overall acceptability score than rest 

of concentrations and control. Minimum score was obtained by control during five 

storage period. Garg et al. (2005) stated that peach fruit overall acceptability was 

greatly influenced by its appearance, skin color, texture and flavor.    
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SUMMARY 

 

Peach (Prunus persica L. Batsch) is equally favorite around the world due 

to appealing appearance and taste. It is economically important deciduous fruit tree 

of family Rosaceae. Peach production in Pakistan is increasing due to the 

introduction of early bearing varieties and ultimately early arrival in the market 

offering good return to growers. After being ripened peach fruit become prone to 

deterioration rapidly at ambient temperature (Lurie and Crisosto, 2005). Cold stores 

may increase fruit shelf life but it is not possible to retain premium quality and 

freshness (Ding et al., 1998). To prolong the postharvest life of such perishable 

horticultural produce it is important to conduct research on other possible 

techniques. The research to explore alternative techniques for enhancement of 

postharvest life always has a room. 

Keeping in view both the pre-harvest and postharvest problems, three 

comprehensive studies were designed and conducted to ascertain the effectiveness 

of different peach rootstocks (GF-677, Peshawar Local and Swat Local) and 

postharvest dipping applications of salicylic acid and oxalic acid. Salicylic acid 

with 0.5 mmol L-1, 1.0 mmol L-1, 1.5 mmol L-1 and 2.0 mmol L-1  and oxalic acid 

with 1.0 mmol L-1, 2.0 mmol L-1, 3.0 mmol L-1 and 4.0 mmol L-1 concentrations 

were used. Early maturing peach fruit cultivar ‘Flordaking’ was selected for all the 

three studies. Fruit was picked at commercial mature stage thereafter dipping in 

respective aqueous solutions; fruits were stored at 0 °C with 90% relative humidity 

in a cold store for five weeks. During the first experiment study peach trees grafted 

on different rootstocks were evaluated for mineral uptake, yield, TCSA, yield 
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efficiency, fruits of different rootstocks stored in a cold store and assessed for 

changes in skin color (L*, a*, b*, C* and h˚), weight losses, soluble solids content, 

sugars (total and reducing), ascorbic acid and free radical scavenging activity. After 

both dipping treatments (SA or OA) fruits were evaluated for changes in skin color, 

weight losses, firmness, soluble solids content, sugars, ascorbic acid, titratable 

acidity, antioxidant enzymes (superoxide dismutase, catalase, polyphenol oxidase) 

activities, total phenolics, relative electrical conductivity and organoleptic 

evaluation (taste, texture, flavor and overall acceptability). 

The analytical results of first part of the study revealed: 

o Rootstock GF-677 had significantly higher leaf content of N, 

P, Fe, Zn, Mn and yield per tree, decreased fruit weight 

losses, higher L* values, lower b*, C* values, higher 

firmness, lower SSC, higher TA, lower increase in sugars, 

higher content of ascorbic acid and increased activity of 

FRSA. 

o PL rootstock had significantly higher leaf content of K, and 

Cu while SL rootstock induced significantly higher yield 

efficiency and increased fruit size.  

The experiment regarding the effect of salicylic acid application on 

postharvest life of peach fruit showed that: 

o Salicylic acid 2.0 mmol L-1 application showed significantly 
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lowest weight losses, highest skin luminosity and lowest a* 

values, increased firmness, increased SSC along with highest 

TA content, increased antioxidant enzymes (SOD, CAT and 

POD) activities, decreased PPO activity and electrolyte 

leakage. Fruits treated with 2.0 mmol L-1 obtained 

significantly higher scores for texture, flavor, taste and 

overall acceptability than rest of the concentrations and 

control. 

o Lower concentrations of salicylic acid had no significant 

effects on quality parameters of peach fruit during five week 

of storage period. 

The analytical outcome of third experiment revealed: 

o Oxalic acid at the rate of 4.0 mmol L-1 concentration applied 

to peach fruit showed least weight losses, maintained higher 

L* values, firmer fruit flesh, maintained higher SSC and TA 

content, and increased both total and reducing sugars. 

Similarly, enhanced antioxidant enzymes activities 

(superoxide dismutase, catalase and peroxide dismutase), 

FRSA, higher content of ascorbic acid and total phenolics 

while PPO activity and membrane leakage were found 

significantly lower in fruits treated with 4.0 mmol L-1 oxalic 

acid. Sensory evaluation also proved effectiveness of OA 

application @ 4.0 mmol L-1 obtaining highest scores with 
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respect to texture, flavor, taste and overall acceptability than 

other treatments and control. 

 RECOMMENDATIONS 

 Rootstocks GF-677 and PL are recommendable on the basis of their vigor 

and yield, for planting on poor soils and also in replantion situations. These both 

rootstocks may also be recommended for commercial production of peach cultivar 

‘Flordaking’ in subtropical peach growing areas of Pakistan. Concentrations of 2.0 

mmol SA and 4.0 mmol OA as a 5 minute dip may be recommended for 

application to peach fruit cv. ‘Flordaking’ for transient period storage and transport 

to distant markets. 
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