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Abstract

Background: Peach fruits are highly perishable leading to many pre- and post-harvest problems, which adds to the
reduction in the potential yield and productivity. Chitosan is a natural polysaccharide, produced after alkaline chitin
deacetylation. It is one of the most preferred biopolymers due to its biocompatibility, antioxidant, anticancer,
biodegradability, antimicrobial, and non-toxic properties as well as being an economical material. A pre-harvesting
experiment was carried out based on the problems of peach and the importance of chitosan.

Results: Peach trees were foliar sprayed with different concentrations of chitosan (0, 0.50, 0.75, and 1.0%) at different
times (30, 50, and 70 days after full bloom) to elucidate the effect of chitosan to peach yield and fruit quality. The
results showed that foliar application of chitosan (1%) caused significant increases in fruit weight, volume, tree yield−1,
fruit firmness, titratable acidity, and ascorbic acid content but caused significant decreases in total soluble solid fruit
juice pH and disease incidence of peach fruit. Similarly, foliar application of chitosan after 50 days of full bloom
increased fruit weight, volume, yield tree−1, firmness, titratable acidity, and ascorbic acid content with the number of
fruit kg−1, total soluble solids, juice pH, and disease incidence as compared to other application times.

Conclusions: It is concluded that chitosan at 1% applied after 50 days of full bloom improved most of the peach
attributes studied compared to the other concentrations of chitosan at 0.50 and 0.75, and control for the production of
quality peach fruit.

Keywords: Chitosan modulates, Eco-friendly compound, Peach fruit, Perishability, Antimicrobial, Physiochemical
attributes

Background
Peach (Prunus persica L.) is a member of the Rosaceae
family and is considered the second most important
stone fruit in Pakistan (GOP 2015). In addition to carbo-
hydrates, organic acids, pigments, volatiles, nutrient
minerals, and trace amounts of proteins and lipids, a
peach fruit contains an immense diversity of biologically

bioactive compounds such as vitamin C, carotenoids, fla-
vonoids, and phenols that act as antioxidants, making
the peach fruit very attractive to consumers for nutri-
tional and health issues (FAOSTAT 2016). In Pakistan,
the peach cultivation area is 13.819 thousand hectares,
and the total annual production is 70.75 thousand tons.
The most commonly used peach cultivars in Pakistan
are Early Grand, Florida King, Shireen, Shah Pasand,
Golden Early, 6th A, 8th A, etc. In KP, peaches occupy
19% of the total fruit land. In Malakand Division, the
average production of peach is 12.53 tons/ha including
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Swat (4.2 thousand hectares) and Mardan (0.38 thou-
sand hectares) with a production of 43.94 and 3.64 thou-
sand tons, respectively (FAOSTAT 2016). Peach fruit is
considered to be one of the most perishable in nature
and is susceptible to many diseases (scab, anthracnose,
bacterial spot, brown rot, etc.), insects, and pests, and at
various stages of growth (Hartman 2007). Peach fruit is
also susceptible to pre-harvest contamination and phys-
ical damage, leading to problems such as surface discol-
oration etc. (Crisosto et al. 2000). Due to its perishable
nature, it does not maintain its quality after harvest for
an extended period. In order to increase or enhance the
shelf life of peach to meet consumer’s demand, a num-
ber of techniques such as fumigation and pre-harvest
spraying of nutrients are used to overcome the post-
harvest losses of fruit commodities (Neo and Saikia
2010). During marketing or shipping, peach fruits suffer
from high susceptibility to flesh softening that makes it
more sensitive for pathogen attack and deterioration
leading to a shorter handling period and limited market-
ability. Therefore, post-harvest practices for maintaining
fruit characters of improved marketing capability and
extended shelf life are seriously considered. It would be
achieved by reducing the quality losses due to the
physiological and biochemical changes that fruits
undergo after harvesting. Physiological weight loss of
about 20–30% (Ullah et al. 2018) is determined by both
water loss, due to transpiration of the living fruit tissues,
and by dry matter loss due to respiration. Also, a wide
range of post-harvest fruit losses is caused by several
post-harvest diseases. In this regard, efforts are being
made to find effective and safe techniques to control
fruit post-harvest diseases, reduce quality losses, and in-
crease the production and quality of fruits, as an alterna-
tive to the use of synthetic fungicides (Mohamed and
Akladious 2017; Mohamed et al. 2018).
Jasmonates, essential oils, benzothiadiazole, and tricho-

derma are examples of natural compounds that help to
minimize plant infections (Aly et al. 2012, 2013, 2017; Abd
El-Rahman and Mohamed 2014; Ashry et al. 2018). In
addition, the use of natural compounds such as chitosan is
one of the most fascinating and satisfactory methods.
Chitosan is a naturally occurring compound that is

commercially produced from seafood shells. It has been
used to induce the defense system for both pre- and
post-harvest fruits and vegetables against fungi, bacteria,
viruses, and other abiotic stresses. In addition to that,
chitosan effectively improves the physiological properties
of plants and also enhances the shelf life of post-harvest
products. In addition, the treatment of chitosan regulates
several genes in plants, particularly the activation of
plant defense signaling pathways (Sofy et al. 2020a,
2020b). Chitosan is a less toxic and economical com-
pound that is biodegradable and environmentally

friendly with a variety of applications in agriculture
(Basit et al. 2020) and is edible and safe for both animals
and plants. Chitosan bears a negative charge due to the
amino and hydroxyl groups responsible for its distinctive
physiological, biological, and coating properties on the
surface of fruit and vegetables which are positively
charged due to the presence of organic acids. The use of
chitosan helps to induce drought resistance and im-
proves the efficiency of water use (Hassnain et al. 2020).
Due to its biological activities and mode of action, it is
considered as an antimicrobial compound and can be
used against microorganisms and as an inducer of the
plant defense mechanisms (Sofy et al. 2020a, 2020b). It
also helps stimulate plant immune systems, plant
growth, and plant protection against various insects,
pests, diseases, and microorganisms (Sofy et al. 2020a,
2020b). chitosan effects on fruit physiology and agro-
nomic traits have been highly studied using different
concentrations of chitosan in a variety of fruits. In line
with this, foliar spraying of 5 mL L−1 chitosan over
mango trees improved the number of fruit tree−1, the
weight, the size of the fruit, and the vegetative growth
(Zagzog et al. 2017). However, information regarding the
use and effect of exogenous application of chitosan at
different times on the quality production of peach fruit
has not yet been systematically documented. Therefore,
the present is planned to study the effects of chitosan
and its time of application alone and in combination on
the yield-related characteristics and biochemical attri-
butes of peach fruit.

Methods
Experimental site and plant material
This research was conducted at Horticulture Research
Farm, Agriculture Peshawar University in 2018 (longi-
tude 710 o50, latitude 340 o01), Peshawar, Pakistan. The
research farm is located at 34.01° N latitude, 71.35° E
longitude at an altitude of 350m above sea level in Pe-
shawar valley with a sub-tropical climate (Ahmad et al.
2019). Peshawar is located approximately 1600 km north
of the Indian Ocean. The research farm is irrigated by
the Warsak canal from river Kabul (Alam et al. 2020).
Both the summer and winter weathers are extreme
(Basit et al. 2019), characterized by severe winter and
hot prolonged summer where the average minimum
temperature during winter is 50 °C while during sum-
mer, the average maximum temperature reaches up to
45 °C. The wettest month (with the highest rainfall) is
March (78 mm) and driest month (with the lowest rain-
fall) is June (7 mm) approximately. Peach orchard
already established at Horticultural Research Farm, Pe-
shawar University of Agriculture, was used for the ex-
periment. Peach cv. Early Grand of age approximately
10 years were selected to be pruned in the months of
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November to December on a regular basis to avoid alter-
nating bearings. Peach trees were planted in a square
system with a plant-to-plant and row-to-row distance of
6 m. Cultural practices such as weeding, irrigation,
fertilizer application, and pruning have been carried out
on a regular basis. Uniform-sized disease-free trees were
selected for the experiment.

Experimental design and treatment combinations
The experiment was carried out using randomized
complete block design (RCBD) with split plot arrange-
ment having two factors which were replicated three
times. Peach cv. Early Grand was sprayed with different
concentrations of chitosan (0, 0.50, 0.75, and 1.0%) at
three different timings (30, 50, and 70 days after full
bloom). The number of treatments per replication is 12,
while the total number of treatments is 36. Three trees
were assigned for each experimental treatment, so the
total number of trees used for this experiment was 108.
Growth conditions are the same. The concentration of
chitosan is selected according to the previous studies
(Hong et al. 2016). Peach fruit cv Early Grand was har-
vested at the edible maturity stage with golden yellow
color. The fruits had been cleaned and washed with dis-
tilled water. Fruit sorting was done by removing the
disease-affected, injured, and damaged fruit. The
remaining fruit was selected for physiochemical analysis.

Procedure for preparation and foliar spray of chitosan
solution
For the preparation of different concentrations (0.5,
0.75, and 1.0%) of chitosan solutions, 0.5, 0.75, and 1.0 g
of chitosan (C18H35N3O13) were then dissolved in 100-
mL distilled water. Since chitosan cannot be dissolved
easily in water, a few drops of diluted acids in the form
of citric acid have been added to the solution for the
uniform dissolution of chitosan. Each solution was
stirred for 1 h on a magnetic stirrer to completely dis-
solve chitosan particles in the water (Sandeep et al.
2013). Each peach required 4 L of water, so the chitosan
solution was prepared in a 4-L solution in each treat-
ment. Three trees are sprayed with chitosan.

Yield-contributing traits of peach fruit
Three fruits were selected randomly from each treat-
ment to determine the weight of the fruit (g). For each
treatment volume, the water displacement method
(WDM) was used. A simple graduated cylinder of 1 L
was used containing water. Randomly selected fruits
were placed into it, and the difference between the initial
and final readings was noted. The final harvested fruits
(yield tree−1) of all randomly selected trees for each
treatment in each replication were measured in kilo-
grams (kg) with the aid of balancing, and then their

average was calculated. Percent incidence of disease was
estimated using the following formula:

Disease incidence %ð Þ ¼ No:of infected fruits per treatment
Total no:of fruits per treatment

� 100

Physiological attributes of peach
The firmness of peach fruit was measured with the
penetrometer (Model-Wagner FT-327, fruit firmness
analyzer) with a capacity of 28 lb (Basit et al. 2020). For
this purpose, the instrument’s probe was inserted into
the pulp of peach fruit, and reading was noted. The
firmness of the three fruits was determined from each
treatment, and then their average was calculated. The re-
fractometer was used to analyze the total soluble solids
(0Brix) in peach fruit. The total soluble solids and
titrable acidity were calculated using the AOAC (2000).
For this purpose, few drops of juice were placed on the
prism and slide, and the reading was then recorded. For
titratable acidity, the juice was extracted from the ran-
domly selected peach fruit and used to extent titratable
acidity and then was expressed in percent. Burette read-
ing was noted, and the percentage of titrable acidity was
observed with the help of the given formula.

Titratable Acidity %ð Þ ¼ N � T � F � 100
D� S

� 100

where N is the normality of NaOH (0.1), T is the titra-
tion reading, F is the constant acid factor (0.067) (citric
acid), D is the volume (mL) of the sample taken for dilu-
tion (10 mL), and S is the volume (mL) of the diluted
sample taken for titration (10 mL).
The “dye method” was used (Ranganna 1977) for the

purpose of ascorbic acid (mg 100 g−1) content. Reading
for ascorbic acid content was taken by using the follow-
ing described formula.

Ascorbic Acid contents ¼ T � F � 100
D� S

� 100

whereas T is the volume (mL) of the dye solution used
from the burette, F is the dye factor (0.11), D is the fruit
juice (g) taken for dilution (10 mL), and S is the volume
(mL) of the diluted sample taken for titration (10 mL).
The pH of the fruit was determined by using an elec-

tronic pH-meter by using the procedure as suggested by
Sajid et al. (2019). For this purpose, the instrument
probe (pH-meter) was inserted into the extracted juice
from peach, and pH value was noted after the instru-
ment was standardized

Results
Yield contributing traits of peach fruit
The effect of the concentration of chitosan and its time
of application on the physical attribute of peach fruit
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was found to be significant (p ≤ 0.05) while their inter-
action was found non-significant (Table 1 and Fig. 1).
Comparing the mean concentration of chitosan, it was
observed that treatment with 1.0% of chitosan caused a
significant increase in fruit weight (91.11 g), fruit volume
(101.33 cm3), and fruit yield (92.89 kg) tree−1, but caused
a significant decrease in the number of fruit (11.78) kg−1

and disease incidence (2.11%) of peach compared to
control plants (0% chitosan) which showed the mini-
mum fruit weight (61.56 g), volume (75.11 cm3), and
yield (68.78 kg) tree−1 and maximum number of fruit
(17.78) kg−1 and disease incidence (10.33%) of peach
(Fig. 3a). Regarding the time of application, peach plants
treated with chitosan after 50 days of full bloom achieved
the highest fruit weight (81.25 g), fruit volume (90.33
cm3), fruit yield (86.58 kg) tree−1, and minimum fruit
(14.08) kg−1 and disease incidence (4.82%) of peach. On
the other side, the lowest value of fruit volume (87.17
cm3) and yield (77.25 kg) tree−1 of peach was recorded
in fruits sprayed with chitosan after 70 days of full
bloom. The maximum number of fruits (90.33) and dis-
ease incidence (5.52%) was observed in plants sprayed
with chitosan after 50 days of full bloom (Fig. 4a).

Biochemical attributes of peach fruit
It is clear from Table 1 and Fig. 2 that the different con-
centrations of chitosan and its time of application sig-
nificantly affected the biochemical attributes of peach
fruit, whereas their interaction was found to be insignifi-
cant. The chitosan concentration ranged from 0 to 1.0%,
fruit firmness ranged from 1.07 to 2.50 kg/cm2, total sol-
uble solid (9.98 to 7.33 0Brix), fruit juice pH (5.40 to
4.69), titrable acidity (0.19 to 0.64%), ascorbic acid (0.28
to 0.71 mg 100 g−1) (Fig. 3b). Comparing the means of
application time of chitosan, treatment with chitosan
after 50 days of full bloom caused a significant increase
in the fruit firmness (1.93 kg/cm2), total soluble solids
(8.97 0Brix), and titrated acidity (0.45%) and a significant
decrease in ascorbic acid contents (0.48 mg100 g−1) of

peach, whereas plants treated with chitosan after 70 days
of full bloom showed a significant decrease in fruit firm-
ness (1.74 kg/cm2), titrated acidity (0.41%), and ascorbic
acid contents (0.48 mg 100g−1). In addition, the mini-
mum total soluble solids (8.70 0Brix) and fruit juice pH
(4.97) of peach were recorded in fruit plants treated with
chitosan after 50 days of full bloom (Fig. 4b).

Discussion
The improvement in fruit weight may be due to the in-
crease in the metabolic activity of some important en-
zymes (protease, nitrate reductase, and glutamine
synthetase) and increased photosynthesis which en-
hanced plant growth and development (Mondal et al.
2012). Besides this, chitosan induces the synthesis of
plant hormones such as gibberellins, which are respon-
sible for the development of ovaries into fruits. It also
increases growth through some signaling pathways re-
lated to the biosynthesis of auxin (El-Bassiony et al.
2014). In addition, it has also been accredited to intensi-
fication in the availability and uptake of water and essen-
tial nutrients by adjusting osmotic pressure cells and
reducing the accumulation of harmful free radicals by
enhancing antioxidants and enzymatic activities (Guan
et al. 2009; El-Beltagi et al. 2020). As a result, the use of
chitosan increases photosynthetic pigment by increasing
photosynthesis (El-Tantawy 2009) and the common
plant growth compared to control plants (Abu-Muriefah
2013). These results are in accordance with those found
by El-Miniawy et al. (2013) on cucumber that time of
application of chitosan significantly affected the plant
growth parameters. Applying chitosan after 50 days of
full fruit shows a maximum increase in fruit weight, as
stone fruit is currently undergoing cell elongation. Ap-
plying chitosan at the cell elongation stage of stone fruit
enhances essential enzyme activity and provides more
nutrients for the growth and development of fruit. Mah-
mood et al. (2017) reported that the foliar application of
0.5% chitosan (at 7-day intervals, starting from 2 weeks

Table 1 Mean square value of various attributes of peach influenced by chitosan concentration and its time of application

SOV Df SFW FrV NOFPP FYPT Mean square (MS) TSS TA AA FJpH

DI FrF

Reps 2 4.75ns 0.583ns 0.361ns 29.361ns 1.478ns 0.01ns 0.005ns 0ns 0.008ns 0.004ns

Time (S) 2 24.333** 30.083** 4.111* 308.028* 1.712* 0.114** 0.214** 0.003* 0.031* 0.021*

Error-I 4 0.958 1.292 0.361 25.361 0.214 0.006 0.008 0 0.004 0.003

Chitosan (C) 3 1584.18*** 1188.1*** 63.88*** 872.519*** 120.439*** 3.626*** 12.671*** 0.366*** 0.293*** 0.846***

S × C 6 7.148ns 2.824ns 0.407ns 157.324ns 0.691ns 0.001ns 0.016ns 0ns 0.001ns 0.006ns

Error-II 18 4.074 1.611 0.287 75.694 0.783 0.016 0.018 0.001 0.003 0.002

Total 35

ns non-significant, SFW single fruit weight, FrV fruit volume, NOFPP no. of fruit per plant, FYPT fruit yield per tree, DI disease incidence, FrF fruit firmness, TSS total
soluble solid, TA titratable acidity, AA ascorbic acid, FrJ pH Fruit juice pH
***p ≤ 0.001; **p ≤ 0.01; *p ≤ 0.05
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after transplantation) increases the fruit weight, the
diameter, and the yield of bell pepper (Capsicum annum
L.). Usually, fruit volume and weight are directly corre-
lated with each other where an increase in volume may
result in an increase in weight. The increase in fruit vol-
ume may be due to the high content of starch and plant
hormones, especially cytokines, which play a vital role in
enhancing cell division and expansion, ultimately leading
to increased volume (Uthairatanakij et al. 2007). Chito-
san may induce gibberellin in the ovary of the carpel,
which plays a key role in the cell elongation and

therefore causes an increase in size and volume (Mondal
et al. 2012). It may also be attributed to an increase in
the availability and uptake of water and important nutri-
ents from the adjusting cells and xylem tissues due to
osmotic pressure. This uptake of water causes turgidity
of cells and dropping the accumulation of harmful free
radicals by increasing antioxidants and enzyme activities
(Guan et al. 2009). Applying chitosan after 50 days of full
bloom showed a maximum increase in fruit weight and
volume because at this time, stone fruit undergoes
through the cell elongation stage. During this stage, cells

Fig. 1 Fruit weight, fruit volume, number of fruits, fruit yield kg−1, and disease incidence of peach as influenced by different chitosan
concentrations and application time. The vertical bars represent standard error. Different letters next to the mean values in each bar indicate a
significant difference (LSD p ≤ 0.05)

Fig. 2 Fruit firmness, total soluble solid, fruit juice pH, titratable acidity, and ascorbic acid of peach as influenced by different chitosan
concentrations and application time. The vertical bars represent standard error. Different letters next to the mean values in each bar indicate a
significant difference (LSD p ≤ 0.05)
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absorb water from adjacent cells or xylem, which can
cause turgidity of the cells and elongation of the fruit
cells, activation of some essential enzymes and supply of
more nutrients for the growth and development of fruit.
Fruit weight and fruit volume are directly related to each
other but show inverse relation with that of the number
of fruits kg−1. Increased fruit weight causes a decrease in
the number of fruits kg−1 (Gornik et al. 2008) and there-
fore inversely causes a decrease in the number of fruits
kg−1. In case of control, the fruit weight and volume

were smaller, which is why the number of fruit kg−1 was
high. The foliar application of chitosan may cause an in-
crease in the number of fruit plant−1, which ultimately
leads to an increase in yield and productivity. This in-
crease of yield in treated plants compared to untreated
plants is due to the increased plant height, fruit-bearing
nodes, chlorophyll contents, reduced disease incidence
(Bautista et al. 2006), etc. Foliar spray of chitosan at
early growth stages increases plant growth and develop-
ment therefore increases seed yield in rice and soybean

Fig. 3 Various attributes of peach as influenced by different chitosan concentrations. The vertical bars represent standard error. Different letters
next to the mean values in each bar indicate a significant difference (LSD p ≤ 0.05)
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(Islam et al. 2016). Pre- and post-harvest foliar applica-
tion of chitosan may increase fruit yield and productivity
in both in vivo and in vitro growing plants. The signifi-
cant effect of chitosan on yield and its components may
be due to the simulative effect of chitosan on physio-
logical processes and enhanced transference of nitrogen
in the functional leaves that improve vegetative growth
and development (Gornik et al. 2008). Massimo and
Cerana (2018) reported that two applications of chitosan
(250–500 ppm) at 7-day intervals, from pre-flowering to
post-flowering stage, have resulted in 56% higher yields
of fruit in strawberry cultivated plants compared to

control plants. Chitosan is a natural polycation com-
pound that reduces fungal spoilage and decay of fruit by
its direct antifungal activity and by inducing host resist-
ance to pathogens Liu et al. (2007). In the earlier com-
parable experiments, the application of chitosan coatings
has shown benefits from reduced decay in peach, straw-
berry, and litchi (Chailoo and Asghari 2011; Sun et al.
2010). Chitosan induces chitinase enzymes that acceler-
ated the hydrolysis of chitin, which is an important com-
ponent of fungi cell walls, thus avoiding the growth of
fungi on the fruit (Han et al. 2004). The application of
chitosan stimulates the formation of structural defense

Fig. 4 Various attributes of peach as influenced by the application time of chitosan. The vertical bars represent standard error. Different letters
next to the mean values in each bar indicate a significant difference (LSD p ≤ 0.05)
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barriers as it induces cellulose synthesis, thickening of
host cell walls, formation of papillae, and plugging of
some intercellular spaces with fiber material, probably
impregnated with phenolic-like antifungal compounds
(Sofy et al. 2020a).
Firmness is one of the most important characteristics

that consumers are most interested in, and therefore,
economically important in overall products is very high.
Pre-harvest foliar application of chitosan may cause
maintenance of fruit firmness because of the formation
of a chitosan film on the fruit surface. Chitosan film acts
as an oxygen barrier that slows down the metabolic ac-
tivity and oxidative breakdown of glucose that leads to
the ripening process (Reddy 2000). Reduction in cell wall
degradation is due to chitosan coating, which in turn
maintains cell turgidity and protects the structure of the
cell wall. Fruit softening may be caused either by the hy-
drolysis of starch or by the breakdown of insoluble
proto-pectins into soluble pectin or by increased mem-
brane penetration due to cellular breakdown (Brummell
and Harpster 2001). In the ripening process, the loss of
pectic substances in the middle lamellae of the cell wall
is the key step leading to the loss of cell integrity or
firmness (Mercado et al. 2011). Higher fruit firmness
during the period of the storage period of peach fruit
due to pre-harvest chitosan treatments is correlated with
those discovered in previous experimental studies on
peach fruit (Li and Yu 2000). The total soluble solid con-
tent of a fruit is considered to be one of the main quali-
tative features associated with other qualitative
characteristics such as firmness, composition, pH, tex-
ture, and taste of many fruits (Peck et al. 2006; Weibel
et al. 2004). Increased percentages of total soluble solids
throughout the storage period are likely due to the in-
creased enzymatic activities which are responsible for
the hydrolysis conversion of starch and insoluble sugars
into soluble sugars. This conversion may result in the
degeneration in the amount of carbohydrates, pectin,
and partial hydrolysis of protein and decomposition of
glycosides into subunits during respiration (Aranzana
et al. 2011). Reduction of total soluble solids with the
concentration of negatively charged polysaccharide to
congeal adjourned solids increases the bonding capacity
of chitosan which makes the bond with sugar having
positive charge (Al-Manhel and Niamah 2012). In
chitosan-coated mangoes and bananas (Kittur et al.
2001), lower total soluble solid (TSS) was found as com-
pared to control fruits while higher values were noted
for treated peaches (Srinivasa et al. 2002). The TSS of
chitosan-treated apricots and papayas was the same
compared to the untreated fruits. The increase in the
respiration rate of untreated fruits compared to treated
fruits is due to the production of ethylene, which in-
creases the consumption of organic acids and ultimately

reduces the acidity of titrable fruits (Ghasemnezhad
et al. 2010). Increased acidity of chitosan-coated fruits
may also be due to a decrease in metabolic alteration of
organic acids into CO2 and H2O. This metabolic conver-
sion may result in a reduction in the respiration rate,
therefore maintaining a higher concentration of organic
acids. This statement is consistent with the findings of
Ali et al. (2011) who reported that titratable acidity of
chitosan-coated papaya and apricot increased with time
than uncoated fruits kept under cold storage. Faster re-
ductions in titratable acidity may lead to a faster senes-
cence (Hong et al. 2016). The results reported in this
study are in agreement with those found by Elham et al.
(2013) on peach and Goutam et al. (2010) on guava.
Gayed et al. (2017) reported that chitosan, combined
with calcium chloride, reduced the early swelling of
peach trees, maintained freshness and firmness of fruits,
and decreased the weight loss percentage. In nectarine,
chitosan improved the soluble solid content and also
helped maintained the post-harvest firmness of the fruit
(Giacalone and Chiabrando 2013). Ascorbic acid has a
direct relationship to acidity while it is inverse to pH
level. The level of ascorbic acid (vitamin C) tends to de-
crease as the fruit ripens due to a direct action of ascor-
bic acid oxidase enzyme (ascorbinase), oxidation, and
subsequent change of ascorbic acid into 2,3-dicetogulo-
nicacid (Chitarra 2005). Han et al. (2004) reported de-
layed degradation of vitamin C in chitosan-based luffa
fruits (Luffa cylindrical L.). The decrease in fruit ascor-
bic acid, treated with chitosan, may be due to the low
oxygen permeability of the chitosan coating film around
the fruit surface. Low passage of oxygen level has led to
a reduction in the activity of the ascorbinase which pre-
vents oxidation of ascorbic acid (Dang et al. 2010). Like
the present experiment, a high level of ascorbic acid was
found consequently to chitosan application in strawberry
(Wang and Gao 2013). Post-harvest chitosan coating of
mango showed a reduction in the percentage of rotten
tissue, increased ascorbic acid content and shelf life, and
maintained freshness (Abd-Alla and Wafaa 2010).
In addition, post-harvest mango coating with edible

chitosan showed a reduction in the percentage of rotten
tissue, increased ascorbic acid content, increased shelf
life, and continued freshness (Abbasi et al. 2009). Fruit
juice pH is one of the most important qualitative flavor
parameters. It has an indirect relationship with titratable
acidity and ascorbic acid. The increase in titratable acid-
ity of fruits causes a decrease in pH of the same fruit.
Biochemical conditions of the fruit are changed using
chitosan, which reduces the rate of respiration and
metabolic processes by creating a barrier to oxygen per-
mittivity, a real reason for pH change (Shaik et al. 2017).
Findings of Imran et al. (2000) also support our current
results which declare that prevention of pectin
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hydrolysis and development of free acids result in a re-
duction in pH. In addition, Kelebek et al. (2008) re-
ported that during the storage period, an increase in the
rate of respiration caused an increase in various cata-
bolic processes which led to the breaking down of or-
ganic acids and ultimately led to an increase of fruit pH.
Also, Einbu and Varum (2003) observed that reduction
in the buffering properties of the juice showed an in-
crease in juice pH and decrease in the acidity of fruit
throughout the storage time. These results are consistent
with those of Sun et al. (2010) which have shown that
the reduction in acidity during storage causes fruit sen-
escence. The findings of Reddy (2000) revealed that chi-
tosan over the surface of fruit acts as a barrier for the
uptake of oxygen, which slows down the metabolic activ-
ity and consequently the ripening process. Coating with
edible chitosan maintained fruit firmness, surface color,
juice content, and other quality attributes (El Guilli et al.
2016). Ripening and fruit senescence in peach are a
major issue affecting their economic value. However,
treatment with chitosan resulted in a significant increase
in antioxidant enzyme activity, senescence arrest, de-
layed fruit ripeness, and maintenance of shape and color
(Ma et al. 2013).

Conclusions
From this experiment, it is concluded that pre-harvest
foliar application of chitosan at 1.0% improves fruit
weight, fruit volume, yield tree−1, fruit firmness, titrable
acidity, ascorbic acid content, minimum number of kg−1

seed, total soluble solids, and peach fruit pH. In fruit
plants sprayed with chitosan after 50 days of full bloom,
the highest fruit weight, fruit volume, yield tree−1, fruit
firmness, titrable acidity, and ascorbic acid content and
the minimum number of fruit kg−1, total soluble solids,
and pH of peach fruit were recorded in fruit plants
sprayed with chitosan compared with other application
time. The foliar application of chitosan at 1.0% signifi-
cantly after 50 days of full bloom increased all peach
yield and quality attributes and therefore recommended
for Peshawar valley farmers for quality peach fruit
production.
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