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ABSTRACT

This study aimed to determine the relationship
between preharvest treatments by salicylic acid, L-
arginine and L-tryptophan with fruit quality of pear
cv. Le-Conte during cold storage at 0°C and 90-
95% RH for 12 weeks followed by shelf life at 22°C
for 12 days. Treatments included L-arginine at 100
and 200 ppm, L-tryptophan at 50 and 100 ppm,
salicylic acid at 100 and 200 ppm and water as
control, all treatments were sprayed on mature
trees until run off twice; at full bloom stage and at
initial fruit set stage. All conducted treatments were
effective in maintaining fruit quality compared with
control. Tryptophan at 100 ppm showed the high-
est significant TSS values, while salicylic acid at
200 ppm showed the lowest significant TSS values
during cold storage and shelf life circumstances.
Salicylic acid at 100 and 200 ppm showed the low-
est weight loss percentages, salicylic at 200 ppm
decreased the rate of decay incidence, showed the
lowest significant respiration rates, also it was ef-
fective in alleviating core browning. In addition,
salicylic acid at 200 ppm significantly maintained
firmness of fruits, and showed higher h” value of
fruits peel, ascorbic acid concentrations, total phe-
nols content and antioxidant capacity values of Le-
Conte pear fruits. Preharvest treatments by salicyl-
ic acid, L-arginine and L-tryptophan positively in-
fluenced postharvest fruit quality, salicylic acid at
200 ppm effectively maintained fruit quality during
cold storage and shelf life.

Keywords: Pear, LeConte, Tryptophan, Salicylic
acid, Arginine, Cold storage, Shelf life

INTRODUCTION

Pear is considered one of the most main de-
ciduous fruit trees in all over the world. Le-Conte
(Pyrus communis L. x Pyrus pyrifolia N.) is the
widely prevalent cultivar of pear in Egypt. Enhanc-
ing pear productivity and improving fruit quality
under the Egyptian environmental conditions is
considered one of the main strategies for local
market development. Yield of pear trees are signif-
icantly influenced by many factors, among these
factors, self-incompatibility, excessive flower ab-
scission, low fruit retention and susceptibility for
many disorders during storage life (Sherif et al
2013).

Many amino acids are necessary for growth
regulation, actually they participate in many pro-
cesses in plant such as; protein synthesis, stress
resistance, pollination and fruit development
(Tegedera and Rentsch, 2010), one of preharvest
effects is increasing free polyamine levels which
decreasing abscission (Biasi et al 1988).

Arginine is a precursor for the synthesis of
some polyamines and cytokinin production (Bagni
and Tassoni, 2001), which mainly related to flower
development, fruit set and fruit changes during
maturity (Page et al 2012). Rugini et al (1986)
suggested that sprays of L-arginine to olives
whichever at full bloom or at the beginning of petal
fall increased fruit set and quality, Mohseni et al
(2017) illustrated that fruits of treated trees by ar-
ginine at concentrations of 250 or 500 yM had bet-
ter fruit weight, total soluble solids, sugar, titratable
acidity, anthocyanin, phenol, and vitamin C. Baba-
lar et al (2018) stated that arginine treatments
showed significantly lower chilling injury symptoms
and husk browning in pomegranate fruits during
storage.
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In this regard, tryptophan is a precursor of in-
dole-3-acetic acid, it resulted in increased fruit size
and peel thickness (Pillitteri et al 2010). Further-
more, Hanfay et al (2012) revealed that trypto-
phan treatments improved the chemical composi-
tion such as pigments, total sugars, total soluble
phenols, and total amino acids. Woijick et al
(2016) found that pre-bloom tryptophan sprays
enriched the concentrations of both calcium con-
centration in fruits and indole-3-acetic acid in fruit-
lets by about 18% and 230% in that order in com-
parison to control trees.

Salicylic acid is one of the endogenous plant
growth regulators, has been reported to regulate
and manage different physiological and metabolic
activities in plants (Brar et al 2014), salicylic acid
enhance plant stress resistance (Martinez et al
2004), improving fruit quality (Abdel Aziz et al
2017 and Abd-Elrazek et al 2013). In addition to
its valuable effect in maintaining fruit firmness,
reduced chilling injury incidence, and delayed
membrane lipid peroxidation (Khademi and Er-
shadi, 2013), delayed fruit ripening through inhibit-
ing ethylene biosynthesis thus maintains pre and
post-harvest fruit quality (Srivastva and Dwivedi,
2000), through inhibit ripening hormone formation
from 1-aminocyclopropane 1-carboxylic acid
(Charles et al 1988). Reddy and Sharma (2016)
found that salicylic acid was effective in extension
of fruit shelf life, helped in maintaining the post-
harvest quality through better retention of total sol-
uble solids content, total antioxidants and ascorbic
acid in fruit tissues.

This study was conducted with the aim of en-
hancement fruit quality, storability, minimizing de-
cay occurrence, browning and weight loss, and
maintaining fruit nutritional value and antioxidants
capacity of pear fruits cv. Le Conte during cold
storage and shelf life using preharvest treatments
of salicylic acid, arginine and tryptophan.

2. MATERIALS AND METHODS

2.1. Fruit material and treatments

This investigation was applied during two suc-
cessive growing seasons (2015 and 2016) on pear
trees cv. LeConte. Trees were fifteen years old,
budded on Communis rootstock, planted at 5x5 m

apart and grown in loamy soil located in the Exper-
imental Research Station affiliate of Faculty of Ag-
riculture fields, Cairo University, Giza, Egypt. Trees
were in regular growth, almost similar in vigor and
received normal fertilization and cultural practices
as scheduled in the program of the station.

The experiment was arranged in complete ran-
domized block design using sixty-three trees rep-
resented seven treatments, every treatment in-
volved three replicates, and three trees represent
each replicate. Treatments were applied as foliar
applications with the specified solutions until run
off on trees at two stages, the first at full bloom
stage whereas 70% of flower buds reached the
stage of full open, the second at initial fruit set
stage (3 weeks following full bloom stage). The
conducted treatments included the following; argi-
nine at 100 ppm, arginine at 200 ppm, tryptophan
at 50 ppm, tryptophan at 100 ppm, salicylic acid at
100 ppm, salicylic acid at 200 ppm, in addition to
sprayed with water as control, taking into consid-
eration add of surfactants (Tween 20 at 0.1 ml per
liter of solution), in addition to arginine and trypto-
phan were used only as L-arginine and L-
tryptophan that are assimilated by plants, D-amino
acids are not recognized by the enzymatic recep-
tors and therefore can not take part in protein syn-
thesis (Ortiz-Lopez et al 2000).

Fruits were harvested at maturity stage as the
control fruits reached the estimated harvest date
according to Kilany, (1982) depending in number
of days after full bloom and different fruit character-
istics, after that fruits were transported immediately
to postharvest laboratory of Agricultural Systems
Improvement Project, Faculty of Agriculture, Cairo
University.

Fruits were dipped in distilled water with 2 mM
sodium hypochlorite for 2 min to reduce decay
incidence. After that, all fruits were air-dried, fruits
of each replicate were divided in groups for weight
loss evaluation, decay follow up, and sampling for
physical and chemical investigation, and packed in
carton boxes and stored at 0°C and 90-95% RH for
12 weeks (whereas weight loss percentage reach
to about 5%), then stored at 22°C to simulate mar-
keting life for 12 days. Data were assessed before
treatment and at 3 weeks intervals during cold
storage, and after 6 and 12 days of shelf life using
three replicates (5 fruits from each replicate) of
each treatment. Collected samples were used to
evaluate the following parameters.
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2.2. Fruit physical and physiological attributes

2.2.1. Weight loss

Weight loss percentage was calculated accord-
ing the following equation; (fruit initial weight — fruit
weight at every sampling date) x 100 / fruit initial
weight.

2.2.2. Decay

Decay percentage was evaluated as number of
discarded fruits / total number of fruits x 100, dis-
carded fruits involved any signs of pathological,
physiological disorders or discolouration defects.

2.2.3. Firmness

Fruit firmness was measured using a testing
instrument (Mecmesin, force-torque test, England)
equipped with 8 mm diameter probe, measure-
ments were applied on different fruit sides accord-
ing to Mitcham et al (2003), the obtained data
were presented in Ib/ inch?.

2.2.4. Browning index

Browning index was considered according to
Veltman et al (2000), in every sampling date, Nine
fruits of each replicate were cut and the area of the
fruit flesh that was affected by brown core was
compared to the total area, fruits were classified to
4 categories: 0= no browning, 1= < 30% browning,
2= 30-70% browning and 3= >70% browning. The
browning index is the sum of the browning index
score of the nine pears divided by 27, and multi-
plied by 100%, using the following formula; Brown-
ing index= (sum of (browning category x fruits
number of this category))/(the highest browning
category x total fruits number) x 100. In other
words, browning index value of 0% indicate to no
browning and 100% indicate to maximum brown-

ing.
2.2.5. Instrumental colour

Instrumental colour was measured in respect to
CIE L  a b’ values on two opposed sides of each
fruit objectively. Each measurement was taken at
three locations for each fruit, using a Minolta CR-
400 chroma meter (Minolta, Osaka, Japan) accord-
ing to McGuire (1992). The L" value was used as
an indicator of brightness, a point to chromaticity
on a green (-) to red (+) axis, b" indicate to yel-
low/blue rival colours with blue at nega-
tive b” values and yellow at positive b* values. Hue

(h°) is the common correspondence between col-
ours positioned around a colour wheel (Nambi et
al 2015), and chroma is the value of a colour’s
pureness, intensity or saturation.

2.2.6. Respiration rate

Respiration rate was measured using gas
chromatography (Model 1450-Servomex 1400),
fruit samples were incubated in 4-liter airtight glass
jars for 24 hr at the same experimental conditions
according to McCollum et al (1993), and calculat-
ed as ml of CO» / kg fruit / hr

2.3. Fruit chemical attributes
2.3.1. TSS (%)

TSS was measured using drops of the fruit
juice, by hand refractometer according to Mag-
wazaa and Opara (2015).

2.3.2. Total phenols

According to A.O.A.C. (2012) total phenolics
were determined colourmetrically using Folin Denis
reaction method at 765 nm as equivalent mg gallic
acid per 100 g FWt (fruit weight).

2.3.3. Ascorbic acid

Ascorbic acid was estimated using titration
method against 2,6 dicholorophenol-indophenol
solution mentioned by Mazumdar and Majumder
(2003), results were presented as mg ascorbic acid
per 100 g fruit weight.

2.3.4. Antioxidant capacity

The analysis of antioxidants capacity was ap-
plied based on the determination of the free radical
scavenging capacity of the extracts according to
the procedure described by Brand-Williams et al
(1995) at 515 nm. The obtained data were stated
as ascorbic acid equivalent antioxidant capacity.

2.4, Statistical analysis

All obtained data were analyzed as factorial
randomized complete block design in nested ar-
rangement with three replication. The variances
between means were compared using LSD range
test at the 5% level of probability in the two investi-
gated seasons as described by Snedecor and
Cochran (1989).
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3. RESULTS AND DISCUSSION
3.1. Fruit physical and physiological attributes
3.1.1. Weight loss (%)

Changes in fruit weight is an important indica-
tion of fruit water content, nutritional value and fruit
appearance. Tables 1 and 2. declare the effect of
L-arginine, L-tryptophan and salicylic acid treat-
ments on weight loss percentage of Le-Conte pear
fruits in 2015 and 2016 seasons. Weight loss in-
creased progressively in all the conducted treat-
ments during cold storage and shelf life period.

Salicylic acid treatments at 100 and 200 ppm
showed the lowest weight loss percentages, com-
pared with control that showed the highest signify-

Khedr

cant loss values, the differences were significant
during cold storage conditions, but were non-
significant during shelf life conditions in both inves-
tigation seasons.

In both seasons of this investigation, by the end
of cold storage period at 0cC salicylic at 100 ppm
showed the lowest significant weight loss (5.65
and 5.52%), while control showed the highest sig-
nificant weight loss (7.77 and 7.02) in the first and
the second season respectively. Moreover, by the
end of shelf life period the lowest weight loss per-
centage appeared in fruits of treated trees by sali-
cylic at 200 ppm (5.01%) and salicylic at 100 ppm
(5.24%), whereas the highest weight loss percent-
age appeared in fruits of untreated trees as 6.82
and 5.81% in the first and the second season re-
spectively.

Table 1. Effect of L-arginine, L-tryptophan and salicylic acid preharvest treatments on weight loss (%) of
Le-Conte pear fruits during cold storage and shelf life in 2015 season

Weeks of storage at 0 C (B Days of shelf life at 22 C (B)
Treatments (A) Initial 3 6 9 12 | Mean | Initial 6 12 Mean
Arginine 100 ppm 0.00 |192|332|4.62 | 588 | 3.15 0.00 1.69 5.74 2.48
Arginine 200 ppm 0.00 |2.27 (398|558 | 7.00 | 3.77 0.00 1.89 5.30 2.40
Tryptophan 50 ppm 0.00 |1.82|3.28|4.79 | 6.05 | 3.19 0.00 1.69 5.33 2.34
Tryptophan 100 ppm 0.00 |1.83|3.24|4.69 | 596 | 3.14 0.00 1.72 5.39 2.37
Salicylic 100 ppm 0.00 |1.74|3.10| 4.42 | 565 | 2.98 0.00 1.52 5.48 2.33
Salicylic 200 ppm 0.00 | 2.05|358|5.08]| 6.42 | 3.43 0.00 1.74 5.01 2.25
Control 0.00 | 244|429 |6.22 | 7.77 | 4.14 0.00 2.19 6.82 3.00
Mean 0.00 |2.01|3.54|5.06 | 6.39 0.00 1.78 5.58
L.S.D at 0.05 (A) = 0.32, (B) = 0.27, (AxB) = 0.71 (A) = 0. 35, (B) = 0.23, (AxB) = 0.60

Table 2. Effect of L-arginine, L-tryptophan and salicylic acid preharvest treatments on weight loss (%) of
Le-Conte pear fruits during cold storage and shelf life in 2016 season

Weeks of storage at 0 C (B) Days of shelf life at 22 C (B)
Treatments (A) Initial 3 6 9 12 | Mean Initial 6 12 Mean
Arginine 100 ppm 0.00 | 2.00| 3.48 | 492 |6.18| 3.32 0.00 1.66 | 551 | 2.39
Arginine 200 ppm 0.00 |2.10| 3.76 | 541 |6.78| 3.61 0.00 1.75 | 5.68 | 2.48
Tryptophan 50 ppm 0.00 | 2.04| 3.64 | 5.24 {6.59| 3.50 0.00 1.62 | 5.61 241
Tryptophan 100 ppm | 0.00 |2.02 | 3.67 | 5.19 |6.55| 3.49 0.00 185 | 566 | 2.50
Salicylic 100 ppm 0.00 [1.69| 294 | 437 |552| 2.90 0.00 161 | 524 | 2.28
Salicylic 200 ppm 0.00 [1.96| 3.39 | 487 |6.16| 3.28 0.00 167 | 537 | 2.35
Control 0.00 [ 2.25| 3.90 | 5.51 |7.02| 3.74 0.00 2.05 | 581 | 2.62
Mean 0.00 | 2.01| 354 | 5.07 |6.40 0.00 1.74 | 555
L.S.D at 0.05 (A) =0.45, (B) = 0.38, (AxB) = 1.02 (A) =0.45, (B) = 0.29, (AxB) =0.79
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Evidently, weight loss increased gradually es-
pecially after raising the storage temperature dur-
ing shelf life because of increased rates of respira-
tion rate and evaporation of fruit cells (Mahajan et
al 2013). Salicylic acid action might be due to sali-
cylic effect on ethylene production and activity
(Srivastva and Dwivedi, 2000), or salicylic role in
free radicals production that reduce respiration rate
(Shafie et al 2010), or changes in regulation of
opening and closing of stomata (Champa et al
2015).

The obtained results were in agreement with
Imran et al (2007) who declared that salicylic at
0.1 mM achieved lower weight loss values in pear
cv. Huang Kum. Also, Champa et al (2015) found
that grapes treated by salicylic at 1.0, 1.5 and 2.0
mM attained lower weight loss rates compared with
untreated fruits (control).

3.1.2. Decay (%)

Decay percentage is considered the main
judgment about the treatment validity to the com-
mercial application. Data in Tables 3 and 4. pre-
sent the impact of arginine, tryptophan and salicyl-
ic acid treatments on decay percentage of Le-
Conte pear fruits in 2015 and 2016 seasons. Dis-
carded fruits percentage increased gradually under
all conditions. Salicylic at 200 ppm minimized the
rate of decay incidence to the lowest rates com-
pared with untreated ones under cold storage and
shelf life conditions in both seasons. After 12
weeks of storage at 0°C, salicylic acid 100 and 200
ppm showed the lowest significant decay ratio
(0.93%) in both seasons, while untreated fruits
reached to 7.41 and 6.48% in 2015 and 2016 sea-
sons. Also, After 12 days of storage at 22'C salicyl-
ic at 200 ppm showed the lowest significant decay
incidence (9.26%), while control showed the high-
est significant decay percentage (30.55 and
28.70%) in both seasons of this study.

Table 3. Effect of L-arginine, L-tryptophan and salicylic acid preharvest treatments on decay percentage of
Le-Conte pear fruits during cold storage and shelf life in 2015 season

Weeks of storage at 0 C (B Days of shelf life at 22 C (B)
Treatments (A Mnital [ 3 [ 6 | 9 | 12 | Mean |Initial | 6 | 12 Mean
Arginine 100 ppm 0.00 [0.00| 0.00 | 0.00 | 1.85| 0.37 | 0.00 | 9.26 | 11.11 6.79
Arginine 200 ppm 0.00 (0.00| 093 | 2.78 | 3.71 | 1.48 | 0.00 | 11.11 | 15.74 8.95
Tryptophan 50 ppm 0.00 |0.00| 0.00 | 0.00 | 1.85 | 0.37 | 0.00 | 10.18 | 13.89 8.02
Tryptophan 100 ppm | 0.00 [0.00| 0.00 | 0.93 | 2.78 | 0.74 | 0.00 | 12.04 | 16.67 9.57
Salicylic 100 ppm 0.00 (0.00| 0.00 | 0.00 | 0.93 | 0.19 | 0.00 | 7.41 | 12.04 6.48
Salicylic 200 ppm 0.00 |0.00| 0.00 | 0.00 | 0.93 | 0.19 | 0.00 | 4.63 | 9.26 4.63
Control 0.00 [0.00|1.85| 463 | 741 | 2.78 | 0.00 | 20.37 | 30.55 16.97
Mean 0.00 [0.00]| 0.40 | 1.19 | 2.78 0.00 | 10.71 | 15.61
L.S.D at 0.05 (A)=1.07, (B)=0.91, (AxB) = 2.39 (A) =2.25, (B) =1.47, (AxB) = 3.90

Table 4. Effect of L-arginine, L-tryptophan and salicylic acid preharvest treatments on decay percentage of
Le-Conte pear fruits during cold storage and shelf life in 2016 season

Weeks of storage at 0 C (B) Days of shelf life at 22 C (B)
Treatments (A) Initial 3 6 9 12 | Mean | Initial 6 12 Mean
Arginine 100 ppm 0.00 |0.00| 0.00 | 0.00 | 0.93| 0.19 0.00 9.26 | 11.11 6.79
Arginine 200 ppm 0.00 [0.00| 0.00 | 1.85 |3.71| 1.11 0.00 12.04 | 14.82 8.95
Tryptophan 50 ppm 0.00 [0.00| 0.00 | 0.00 |1.85| 0.37 0.00 10.18 | 13.89 8.02
Tryptophan 100 ppm 0.00 |0.00| 0.00 | 0.93 | 2.78 | 0.74 0.00 11.11 | 15.74 8.95
Salicylic 100 ppm 0.00 [0.00| 0.00 | 0.00 | 0.93 | 0.19 0.00 7.41 | 12.04 | 6.48
Salicylic 200 ppm 0.00 |0.00]| 0.00 | 0.00 | 0.93| 0.19 0.00 5.56 9.26 4.94
Control 0.00 [0.00]| 093 | 463 | 6.48 | 2.41 0.00 19.45 | 28.70 | 16.05
Mean 0.00 [0.00]| 0.13 | 1.06 | 2.51 0.00 10.71 | 15.08
L.S.D at 0.05 (A)=0.96, (B) =0.81, (AxB) = 2.15 (A)=2.19, (B) =1.43, (AxB) = 3.79
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No doubt, the different changes in physiological
processes in fruit cells and exposure to surround-
ing conditions and microorganisms led to increas-
ing loss in fruit quality and discarded fruits with
storage period prolongation. Anyhow, salicylic acid
treatments at 100 and 200 ppm were effective in
minimize this loss, Khademi and Ershadi (2013)
approved this effect of salicylic acid in peaches
and Luo et al (2011) in plum fruits by reducing
chilling injury disorders occurrence, and membrane
lipid oxidation,. Ahmed et al (2013) mentioned that
salicylic acid at 8 and 9 mM reduced fruit rot and
chilling injury in orange cvs. Lane Late and Valen-
cia Late.

In addition to, Champa et al (2015) reported
significant decrement in decay percentage in grape
treated by salicylic at 1.5 and 2.0 mM. Yao and
Tian (2005) cited that preharvest salicylic acid
treatments accelerate many enzymes such as pe-
roxidase that play a defense role againast many
diseases.

3.1.3. Firmness (Ib/inch?)

Fruit firmness is an indicator to fruit quality,
chemical changes in cell wall, and storage life.
Data presented in Tables 5 and 6. Declare the
effect of different applied acids treatments on firm-
ness of pear fruits cv. Le-Conte in both seasons,
pear fruit hardness decreased gradually with stor-
age life prolongation. Treatment of salicylic acid at
200 ppm significantly maintained pear fruits firm-
ness, on the other hand the decrement of firmness
was earlier in untreated ones.

Firmness reached to 17.58 and 17.66 Ib/inch?
in fruits treated by salicylic at 200 ppm, while it
reached to 16.35 and 16.80 Ib/inch® in control after
12 weeks of cold storage of this investigation. In
the same way, firmness reached to 7.02 and 7.03
Ib/inch? in fruits treated by salicylic acid at 200
ppm, while it reached to 6.17 and 6.24 Ib/inch? in
control after 12 days of shelf life in both seasons of
this work.

Table 5. Effect of arginine, tryptophan and salicylic acid treatments on firmness (Ib/inch?) of Le-Conte pear

fruits during cold storage and shelf life in 2015 season

Weeks of storage at 0 C (B) Days of shelf life at 22 C (B)
freatments (A) Mol T 3 6 12 | Mean | Initial | 6 12 | Mean
Arginine 100 ppm | 26.27 | 21.60 | 20.74 | 19.34 | 17.23 | 21.03 | 17.23 | 12.07 | 6.84 | 12.05
Arginine 200 ppm | 24.40 | 20.81 | 20.29 | 19.49 | 16.97 | 20.39 | 16.97 | 11.67 | 6.55 | 11.73
Tryptophan 50 ppm | 25.71 | 21.43 | 20.86 | 19.52 | 17.02 | 20.91 | 17.02 | 11.83 | 6.71 | 11.85
Tryptophan 100 ppm | 23.40 | 20.77 | 20.11 | 19.44 | 16.84 | 20.11 | 16.84 | 11.53 | 6.47 | 11.62
Salicylic 100 ppm | 26.34 | 21.68 | 21.14 | 19.81 | 17.34 | 21.26 | 17.34 | 12.00 | 6.92 | 12.09
Salicylic 200 ppm | 26.71 | 22.33 | 21.82 | 19.62 | 17.58 | 21.61 | 17.58 | 12.13 | 7.02 | 12.24
Control 21.73 | 19.43 | 18.14 | 17.34 | 16.35 | 18.60 | 16.35 | 11.03 | 6.17 | 11.18
Mean 24.94 | 21.15 | 20.44 | 19.22 | 17.05 17.05 | 11.75 | 6.67
L.S.D at 0.05 (A) = 0.98, (B) = 0.83, (AXB) = 2.20 (A)=0.33, (BO) ;70'22’ (AxB) =

Table 6. Effect of arginine, tryptophan and salicylic acid treatments on firmness (Ib/inchz) of Le-Conte pear

fruits during cold storage and shelf life in 2016 season

Weeks of storage at 0 C (B) Days of shelf life at 22 C (B)
Treatments (A Mnitial |3 6 12 | Mean |Initial | 6 | 12 | Mean
Arginine 100 ppm 2543 | 21.70 | 20.21 | 18.18 | 17.44 | 20.59 | 17.44 | 11.67 | 6.92 | 12.01
Arginine 200 ppm 26.23 | 21.32 | 19.85 | 18.07 | 17.26 | 20.54 | 17.26 | 11.54 | 6.59 | 11.80
Tryptophan 50 ppm 2413 | 21.62 | 20.13 | 18.16 | 17.42 | 20.29 | 17.42 | 11.83 | 6.86 | 12.04
Tryptophan 100 ppm | 23.37 | 21.35 | 19.81 | 18.01 | 17.20 | 19.95 | 17.20 | 11.70 | 6.61 | 11.84
Salicylic 100 ppm 26.10 | 21.69 | 20.19 | 18.20 | 17.47 | 20.73 | 17.47 | 1193 | 6.98 | 12.12
Salicylic 200 ppm 26.50 | 21.82 | 20.32 |1 18.31 | 17.66 | 20.92 | 17.66 | 12.00 | 7.03 | 12.23
Control 23.07 | 20.57 | 19.13 | 17.60 | 16.80 | 19.43 | 16.80 | 11.16 | 6.24 | 11.40
Mean 2498 | 21.44 | 19.95 | 18.08 | 17.32 17.32 | 11.69 | 6.75
L.S.D at 0.05 (A) = 0.62, (B) = 0.52, (AxB) = 1.38 (A)=0.26, (Bg ;50'17’ (AxB) =
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Firmness of climacteric fruits is rapidly lost due
to the peak in ethylene production that related to
cell wall degradation enzymes (Bonghi et al
1998). All the conducted treatments showed higher
firmness values than control, in relation to arginine
and tryptophan effects Berta et al (1997) reported
that polyamines and ethylene have inconsistent
properties on senescence, in other words increas-
ing polyamines in fruits after arginine and trypto-
phan treatments resulted in lower softening.

The priority of salicylic treatment was similar to
previous investigations; Valero et al (2011) and
Ahmed et al (2013) found that pre-harvest salicylic
acid treatments resulted in higher firmness com-
pared with control. Valero et al (2011) attributed
the effect of salicylic acid to suppression enzymes
such as pectin esterase, pectin methylesterase
and polygalacturonase which responsible for wall
degradation, Khademi and Ershadi, (2013) re-
ported that salicylic acid maintained fruit firmness
by slow down membrane lipid peroxidation.

Kazami et al (2011) mentioned that, salicylic
acid decrease activity of 1-aminocyclopropane 1-
carboxylic acid oxidase enzyme that resulted in
lower conversion of 1-aminocyclopropane 1-

carboxylic acid to ethylene, consequently delay
ripening and over ripening changes.

3.1.4. Browning index

The changes in browning index of Le-Conte
pear fruits in response to the conducted treatments
are presented in Tables 7 and 8. Flesh browning
increased gradually by the time, salicylic acid at
200 ppm was effective in alleviating browning
compared with untreated ones under all applied
conditions.

By the end of cold storage period, salicylic acid
at 200 ppm showed the lowest significant browning
index (2.47), while control showed the highest sig-
nificant browning index (9.87) in both seasons.
Also, by the end of shelf life period, salicylic 200
ppm showed the lowest significant browning index
(14.81 and 9.87), while control showed the highest
significant browning index (24.69 and 23.45) in
both seasons.

Browning is one of the limiting factors for pear
storage for a long time, browning not only reduces
the visual quality of fruits but also results in unde-
sirable changes in flavour and nutrition loss (Luo
and Barbosa-Canovas, 1997).

Table 7. Effect of arginine, tryptophan and salicylic acid preharvest treatments on browning index of Le-
Conte pear fruits during cold storage and shelf life in 2015 season

Weeks of storage at 0'C (B) Days of shelf life at 22°C (B)

Treatments (A) — -
Initial 3 6 9 12 Mean | Initial 6 12 Mean
Arginine 100 ppm 0.00 | 0.00 | 0.00 | 1.23 | 3.70 | 0.99 | 3.70 | 7.40 | 16.04 | 9.05
Arginine 200 ppm 0.00 | 0.00 | 1.23 | 247 | 6.17 | 197 | 6.17 | 9.87 | 18,51 | 11.52
Tryptophan 50 ppm 0.00 | 0.00 | 0.00 | 1.23 | 3.70 | 0.99 | 3.70 | 7.40 | 17.28 | 9.46
Tryptophan 100 ppm 0.00 0.00 | 0.00 | 2.47 | 4.93 1.48 493 | 12.34 | 17.28 | 11.52
Salicylic 100 ppm 0.00 | 0.00 | 0.00 | 1.23 | 3.70 | 0.99 | 3.70 | 7.40 | 16.04 | 9.05
Salicylic 200 ppm 0.00 | 0.00 | 0.00 | 0.00 | 247 | 0.49 | 247 | 494 |1481 ]| 7.40
Control 0.00 | 247 | 3.70 | 6.17 | 9.87 | 4.44 | 9.87 | 13.58 | 24.69 | 16.05

Mean 0.00 | 0.35 | 0.70 | 2.11 | 4.93 493 | 8.99 |17.81
(A)=3.70, (B) =2.42, (AxB) =
L.S.D at 0.05 (A) = 1.40, (B) = 1.18, (AxB) = 3.13 5.41
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Table 8. Effect of arginine, tryptophan and salicylic acid preharvest treatments on browning index of Le-

Conte pear fruits during cold storage and shelf life in 2016 season

Treatments (A) Weeks of storage at 0’ C (B) Days of shelf life at 22'C (B)
Initial 3 6 9 12 Mean | Initial 6 12 Mean
Arginine 100 ppm 0.00 | 0.00 | 0.00 | 1.23 | 6.17 | 1.48 | 6.17 | 13.58 | 18.51 | 12.75
Arginine 200 ppm 0.00 | 0.00 | 0.00 | 3.70 | 7.40 | 2.22 | 7.40 | 14.81 | 19.75 | 13.99
Tryptophan 50 ppm 0.00 | 0.00 | 1.23 | 1.23 | 493 | 1.48 | 4.93 | 16.04 | 16.04 | 12.34
Tryptophan 100 ppm | 0.00 | 0.00 | 0.00 | 2.47 | 6.17 | 1.73 | 6.17 | 13.58 | 19.75 | 13.16
Salicylic 100 ppm 0.00 | 0.00 | 0.00 | 1.23 | 3.70 | 099 | 3.70 | 8.64 | 12.34| 8.23
Salicylic 200 ppm 0.00 | 0.00 | 0.00 | 1.23 | 247 | 074 | 247 | 740 | 9.87 | 6.58
Control 0.00 | 1.23 | 247 | 740 | 9.87 | 419 | 9.87 | 17.28 | 23.45 | 16.87
Mean 0.00 | 0.18 | 0.53 | 2.64 | 5.82 5.82 | 13.05 | 17.10
L.S.D at 0.05 (A) = 1.54, (B) = 1.30, (AxB) = 3.45 (A) =281, (Bi ;71'84’ (AxB) =

Amiot et al (1992) reported that browning of
pear fruits was related to the enzymes effect in
presence of chlorogenic acid in the fruit, also the
degree of browning of pear fruits is depending on
cultivar, maturity stage at harvest, and storage
conditions (Amiot et al 1995). Veltman et al
(1999) reported that browning of pear fruits is af-
fected by ascorbic acid content, in this way Wa-
liszewski et al (2007) approved that oxidation of
phenolic compound by polyphenol oxidase enzyme
is the main reason of browning. The obtained data
are in agreement with those investigations, salicylic
treatments maintained ascorbic acid and phenols
levels. Moreover, Tareen et al (2012) declared that
the favorable effect of salicylic acid on alleviate
browning is related to reduction of polyphenol oxi-
dase enzyme activity.

3.1.5. Instrumental colour (hue angle value)

Tables 9 and 10. present the changes that
occurred in h” value of Le-Conte pear fruits peel in
response to arginine, tryptophan and salicylic
treatments in 2015 and 2016 seasons, hue angle
decreased gradually with prolonging storage life.
Salicylic at 200 ppm significantly showed the high-
est h” value, while control showed the lowest signif-
icant h™ value during cold storage and shelf life.

Data analysis showed that after 12 weeks of
cold storage, salicylic acid at 200 ppm showed the
highest significant h” values (102.13 and 106.66)
while control showed the lowest significant h” val-
ues (100.28 and 104.27) in 2015 and 2016 sea-
sons. By the end of shelf life salicylic acid at 200
ppm showed the highest significant h" value
(101.31 and 102.55) while control showed the low-
est significant h” value (99.08 and 99.75).

Table 9. Effect of arginine, tryptophan and salicylic acid preharvest treatments on h” value of Le-Conte
pear fruits peel during cold storage and shelf life in 2015 season

Weeks of storage at 0'C (B) Days of shelf life at 22°C (B)
Treatments (A) — —
Initial 3 6 12 Mean | Initial 6 12 Mean
Arginine 100 ppm 109.34 | 107.61 | 104.40 | 102.61 | 101.82 | 105.16 | 101.82 | 101.21 | 100.38 | 101.14
Arginine 200 ppm 109.96 | 107.17 | 104.67 | 101.50 | 100.74 | 104.81 | 100.74 | 100.61 | 100.30 | 100.55
Tryptophan 50 ppm 109.08 | 106.17 | 104.79 | 102.66 | 101.80 | 104.90 | 101.80 | 100.42 | 100.13 | 100.78
Tryptophan 100 ppm | 109.28 | 106.93 | 104.39 | 101.41 | 100.67 | 104.54 | 100.67 | 100.32 | 100.11 | 100.37
Salicylic 100 ppm 110.33 | 108.37 | 104.90 | 102.77 | 101.95 | 105.66 | 101.95 | 101.63 | 101.13 | 101.57
Salicylic 200 ppm 111.74 | 109.79 | 105.71 | 103.69 | 102.13 | 106.61 | 102.13 | 101.61 | 101.31 | 101.68
Control 107.60 | 104.03 | 103.71 | 100.61 | 100.28 | 103.24 | 100.28 | 99.68 | 99.08 | 99.68
Mean 109.62 | 107.15 | 104.65 | 102.18 | 101.34 101.34 | 100.78 | 100.35
L.S.D at 0.05 (A) = 1.80, (B) = 1.52, (AxB) = 4.03 (A)=1.25, (82)_170'82’ (AxB) =
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Table 10. Effect of arginine, tryptophan and salicylic acid preharvest treatments on h” value of Le-Conte
pear fruits peel during cold storage and shelf life in 2016 season

Weeks of storage at 0'C (B) Days of shelf life at 22°C (B)
Treatments (A)
Initial 3 6 12 Mean | Initial 6 12 Mean
Arginine 100 ppm 110.21 | 109.22 | 108.53 | 108.38 | 105.55 | 108.38 | 105.55 | 103.21 | 101.38 | 103.38
Arginine 200 ppm 108.72 | 107.81 | 107.18 | 105.31 | 104.58 | 106.72 | 104.58 | 103.95 | 102.28 | 103.60
Tryptophan 50 ppm | 110.06 | 108.20 | 107.66 | 107.20 | 104.73 | 107.57 | 104.73 | 102.09 | 100.98 | 102.60
Tryptophan 100 ppm 110.85 | 109.61 | 107.12 | 105.66 | 105.36 | 107.72 | 105.36 | 101.67 | 100.67 | 102.57
Salicylic 100 ppm 110.26 | 108.64 | 108.40 | 106.44 | 106.36 | 108.02 | 106.36 | 104.37 | 102.46 | 104.40
Salicylic 200 ppm 111.49 | 109.45 | 108.35 | 107.41 | 106.66 | 108.67 | 106.66 | 104.38 | 102.55 | 104.53
Control 108.19 | 107.32 | 106.75 | 105.96 | 104.27 | 106.50 | 104.27 | 100.35 | 99.75 | 101.46
Mean 109.97 | 108.61 | 107.71 | 106.62 | 105.36 105.36 | 102.86 | 101.44
(A) = 2.87, (B) = 1.88, (AXB) =
L.S.D at 0.05 (A) = 2.39, (B) = 2.02, (AxB) = 5.35 105

Values of h™ declare the colour changes from
green to yellow of peel, according to Taiz and Zei-
ger (2010) ethylene is the responsible for ripening
changes in fruit including colour changes by man-
age pigments synthesis, The green colour of the
unripe fruit is due to the existence of chlorophylls,
and the increase of different colours during ripen-
ing is due to the disappearance of these pigments
and the synthesis of carotenoids, in this way sali-
cylic delay colour changes. Imran et al., (2007)
obtained similar results in pear cv. Huang Kum
treated by salicylic at 0.1 mM, in addition to
Champa et al (2015) in grapes cv. Flame treated
by salicylic at 1.5 and 2.0 mM.

3.1.6. Respiration rate (ml CO. / kg fruit / hr)

Tables 11 and 12. illustrate the effect of argi-
nine, tryptophan and salicylic acid treatments on
respiration rate (ml CO; / kg fruit / hr) of Le-Conte
pear fruits in 2015 and 2016 seasons, respiration
rate increased gradually after 3 weeks of storage
at 0'C. Pear is classified as climacteric fruits, which
characterized by increasing in its ethylene and
respiration rate in certain time of its life (Rhodes,
1980). Salicylic at 200 ppm showed the lowest

significant respiration rates, while control showed
the highest significant respiration rates during the
estimated storage time.

By the end of storage period control showed
the highest significant respiration rate (5.85 and
5.91 ml CO- / kg fruit / hr), while salicylic 200 ppm
showed the lowest significant respiration rate (5.64
and 5.41 ml CO- / kg fruit / hr) in the first and the
second season respectively. Moreover, by the end
of shelf life period control showed the highest res-
piration rates (11.49 and 11.89 ml CO, / kg fruit /
hr), while salicylic 200 ppm showed the lowest
respiration rates (11.05 and 10.88 ml CO / kg fruit
/ hr) in the first and the second season respective-
ly, taking into consideration the differences be-
tween all treatments were non significant in this
date in the second season.

Srivastava and Dwivedi (2000) suggested
that salicylic acid decrease ethylene biosynthesis
and activity, which led to lower respiration rate,
salicylic acid inhibited ethylene formation from 1-
aminocyclopropane 1-carboxylic acid (Babalar et
al 2007). Moreover, Shafie et al (2010) reported
that salicylic acid produces free radicals that de-
crease respiration rate.
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Table 11. Effect of arginine, tryptophan and salicylic acid preharvest treatments on respiration rate (ml

CO. / kg fruit / hr) of Le-Conte pear fruits during cold storage and shelf life in 2015 season

Treatments (A) Weeks of storage at 0'C (B) Days of shelf life at 22'C (B)
Initial 3 6 9 12 Mean | Initial 6 12 Mean
Arginine 100 ppm 5.47 3.73 3.80 4.47 5.74 4.64 5.74 7.08 | 11.08 | 7.97
Arginine 200 ppm 5.58 3.77 3.84 4.50 5.79 4.70 5.79 7.13 | 11.22 | 8.05
Tryptophan 50 ppm 5.64 3.78 3.82 4.49 5.77 4.70 5.77 7.14 | 11.12 | 8.01
Tryptophan 100 ppm 5.83 3.80 3.88 4.55 5.80 4.77 5.80 7.23 | 11.16 | 8.06
Salicylic 100 ppm 5.73 3.78 3.89 4.27 5.68 4.67 5.68 7.03 | 11.11 | 7.94
Salicylic 200 ppm 5.70 3.70 3.81 4.33 5.64 4.64 564 | 6.99 | 11.05| 7.90
Control 6.40 3.84 3.92 4.59 5.85 4.92 585 | 769 | 1149 | 8.34
Mean 5.76 3.77 3.85 4.46 5.75 5.75 7.19 | 11.17
L.S.D at 0.05 (A) = 0.31, (B) = 0.26, (AxB) = 0.70 (A)=0.31, (BO)-5-40.20, (AxB) =

Table 12. Effect of arginine, tryptophan and salicylic acid preharvest treatments on respiration rate (ml
CO- / kg fruit / hr) of Le-Conte pear fruits during cold storage and simulated marketing life in 2016 season

Treatments () Weeks of storage at 0'C (B) Days of shelf life at 22'C (B)
Initial 3 6 9 12 Mean | Initial 6 12 Mean

Arginine 100 ppm 5.43 3.89 3.87 4.30 5.54 4.61 5.54 7.25 | 11.14 | 7.98
Arginine 200 ppm 5.56 3.80 3.82 4.42 5.62 4.64 5.62 7.38 | 11.34 | 8.11
Tryptophan 50 ppm 5.64 3.85 3.85 4.39 5.60 4.66 560 | 7.31 | 11.23 | 8.05
Tryptophan 100 ppm | 5.84 3.97 3.91 4.48 5.67 4.77 5.67 7.44 | 11.48 | 8.20
Salicylic 100 ppm 5.63 3.87 3.95 4.20 5.38 4.61 538 | 7.06 | 1094 | 7.79
Salicylic 200 ppm 5.62 3.82 3.85 4.24 541 4.59 541 7.04 |10.88 | 7.78
Control 6.33 3.92 3.96 4.41 5.91 4.90 5.91 7.77 |11.89 | 8.52

Mean 5.72 3.87 3.89 4.35 5.59 559 | 7.32 | 11.27
L.S.D at 0.05 (A) = 0.30, (B) = 0.25, (AxB) = 0.68 (A)=0.41, (Bg-;lo.zz (AxB) =

Lu et al (2011) found that preharvest salicylic
treatment at 2 mM effectively decreased respira-
tion rate, in the same way Khedr, (2016) found
similar data in mango cv. Keitt treated by salicylic
at 1 and 2 mM, which significantly decreased respi-
ration levels compared with control.

3.2. Fruit chemical attributes
3.2.1. TSS (%)

TSS is an important indicator to fruit taste and
the fruit general condition, Tables 13 and 14 illus-
trate the effect of arginine, tryptophan and salicylic
acid treatments on TSS of Le-Conte pear fruits in
both seasons. TSS increased gradually during cold
storage, but there were different trends in treat-
ments during shelf life at 22°C.

Tryptophan at 100 ppm showed the highest
significant TSS values, while salicylic at 200 ppm
showed the lowest significant TSS values during
storage at 0 and 22°C. After 12 weeks of cold stor-
age conditions at 0cC, tryptophan 100 ppm showed
the highest significant TSS (17.18 and 17.11%)
while salicylic at 200 ppm showed the lowest sig-
nificant TSS (16.61 and 16.83%) in 2015 and 2016
respectively.

By the end of simulated shelf life, salicylic 200
ppm showed the highest significant TSS (17.34%)
in the first season, and tryptophan at 100 ppm
(17.23%) in the second season, while control
showed the lowest significant TSS as 16.93 and
16.99% in the first and the second season respec-
tively.
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Table 13. Effect of arginine, tryptophan and salicylic acid treatments on TSS percentage of Le-
Conte pear fruits during cold storage and shelf life in 2015 season

Weeks of storage at 0 C (B) Days of shelf life at 22 C (B)
Treatments (A) Initial 3 6 9 12 | Mean | Initial 6 12 Mean
Arginine 100 ppm 13.08 | 13.38 | 15.08 | 15.41 | 16.82 | 14.75| 16.82 | 17.24 | 17.27 | 17.11
Arginine 200 ppm 13.25 | 13.61 | 15.32 | 15.66 | 17.11 | 1499 | 17.11 |17.27 | 17.26 | 17.21
Tryptophan 50 ppm | 13.29 | 13.56 | 15.32 | 15.65 | 17.09 | 14.98 | 17.09 | 17.31 | 17.32 | 17.24
Tryptophan 100 ppm | 13.52 | 13.76 | 15.50 | 15.83 | 17.18 | 15.16 | 17.18 | 17.29 | 17.31 | 17.26
Salicylic 100 ppm 12.70 | 12.89 | 14.74 | 15.07 | 16.63 | 14.41 | 16.63 | 17.19 | 17.30 | 17.04
Salicylic 200 ppm 12.63 | 12.85 | 14.74 | 15.07 | 16.61 | 14.38 | 16.61 | 17.15|17.34| 17.03
Control 12.98 | 13.17 | 15.14 | 15.31 | 16.95 [ 14.71 | 16.95 | 17.30 | 16.93 | 17.06
Mean 13.07 | 13.32 | 15.12 | 15.43 | 16.91 1691 | 17.25 | 17.24
L.S.D at 0.05 (A)=0.23, (B) = 0.19, (AxB) = 0.51 (A)= 0.23, (B) = 0.15, (AxB)= 0.40

Table 14. Effect of arginine, tryptophan and salicylic acid treatments on TSS percentage of Le-Conte pear
fruits during cold storage and shelf life in 2016 season

Weeks of storage at 0'C (B) Days of shelf life at 22°C (B)
Treatments (A) . —
Initial 3 6 9 12 Mean | Initial 6 12 Mean
Arginine 100 ppm 12.88 | 14.43 | 1452 | 15.31 | 16.98 | 14.82 | 16.98 | 17.13 | 17.14 | 17.08
Arginine 200 ppm 13.19 | 14.72 | 14.69 | 15,53 | 17.01 | 15.03 | 17.01 | 17.15 | 17.16 | 17.10
Tryptophan 50 ppm | 13.19 | 14.79 | 14.82 | 15.65 | 17.05 | 15.10 | 17.05 | 17.23 | 17.22 | 17.17
Tryptophan 100 ppm | 13.39 | 14.96 | 15.00 | 15.84 | 17.11 | 15.26 | 17.11 | 17.27 | 17.23 | 17.20
Salicylic 100 ppm 12.60 | 14.22 | 14.47 | 15.26 | 16.87 | 14.68 | 16.87 | 17.07 | 17.17 | 17.04
Salicylic 200 ppm 12.57 | 14.14 | 14.33 | 15.13 | 16.83 | 14.60 | 16.83 | 17.10 | 17.12 | 17.02
Control 12.78 | 14.42 | 14.76 | 15.64 | 17.07 | 14.93 | 17.07 | 17.11 | 16.99 | 17.06
Mean 12.94 | 14.53 | 14.66 | 15.48 | 16.99 16.99 | 17.15 | 17.15
(A) = 0.12, (B) = 0.08, (AxB) =
L.S.D at 0.05 (A) = 0.24, (B) = 0.20, (AxB) = 0.54 0.22

The obtained effects are in agreement with pri-
or investigation for Ahmed et al (2017) on Wash-
ington navel orange, they found that foliar sprays
by tryptophan at 25 and 50 ppm significantly in-
creased fruit total soluble solids content. Refaat
and Naguib (1998) reported that tryptophan led to
increase in amino acid content in leaves, which
directly effect on carbohydrate synthesis, and final-
ly on sugars concentration in fruits.

On the other hand, salicylic acid at 100 and
200 ppm delayed the increase in total soluble sol-
ids content in LeConte pear, in accordance with
Reddy and Sharma (2016) who found that pre-
harvest treatments to Amrapali mango fruits main-
taining the post-harvest fruit quality and maintain
soluble solid concentrations. Moreover, Ahmed et
al (2013) found that salicylic acid preharvest treat-
ments at 8 and 9 mM were effective in maintaining

TSS content in ‘Lane Late’ and ‘Valencia Late’
oranges. Maintaining soluble solid content is relat-
ed to salicylic acid treatment role in minimizing
respiration and metabolism rates (Lu et al 2011).

3.2.2. Total phenols (mg/ 100g FWt)

Phenolic compounds are secondary metabo-
lites extensively found in fruits, generally repre-
sented as flavonoids and phenolic acids, which are
considered as antioxidants in tissues (Haminiuk et
al 2012). Effect of arginine, tryptophan and salicyl-
ic acid treatments on total phenols of Le-Conte
pear fruits in 2015 and 2016 is presented in Ta-
bles 15 and 16. Fruit content of total phenols de-
creased continually with extended storage period.

Salicylic acid at 200 ppm significantly main-
tained total phenols of Le-Conte pear fruits, while
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control showed the lowest significant total phenols
in both seasons. The conducted treatments
showed higher values compared with control, by
the end of storage period salicylic at 200 ppm
showed the highest significant total phenols (37.47
and 36.96 mg/ 100g FWt), while control showed
the lowest significant total phenols (30.83 and

Khedr

29.75 mg/ 100g FWt). After 12 days of shelf life at
22°C, salicylic acid treatment at 200 ppm showed
the highest significant total phenols (32.98 and
32.21 mg/ 100g FWt), while control showed the
lowest significant total phenols (27.13 and 26.01
mg/ 100g FWt) in the first and the second season
respectively.

Table 15. Effect of arginine, tryptophan and salicylic acid treatments on total phenols (mg/ 100g FWt) of
Le-Conte pear fruits during cold storage and shelf life in 2015 season

Weeks of storage at 0'C (B) Days of shelf life at 22°C (B)
Treatments (A) " .
Initial 3 6 9 12 Mean | Initial 6 12 Mean
Arginine 100 ppm 39.05 38.88 | 37.77 | 3762 | 36.62 | 37.99 | 36.62 | 33.11 | 32.21 | 33.98
Arginine 200 ppm 39.55 39.39 | 38.25 | 38.01 | 36.51 | 38.34 | 36.51 | 33.04 | 32.13 | 33.89
Tryptophan 50 ppm 37.98 3781 | 36.74 | 36.53 | 34.13 | 36.64 | 34.13 | 30.57 | 30.37 | 31.69
Tryptophan 100 ppm 36.04 | 35.83 | 34.86 | 34.65 | 33.78 | 35.03 | 33.78 | 30.59 | 30.06 | 31.48
Salicylic 100 ppm 39.71 39.54 | 38.41 | 38.21 | 37.40 | 38.65 | 37.40 | 33.85 | 32.88 | 34.71
Salicylic 200 ppm 40.03 39.82 | 38.72 | 38.47 | 37.47 | 38.90 | 37.47 | 33.91 | 32.98 | 34.79
Control 31.93 31.73 | 31.65 | 31.12 | 30.83 | 31.45 | 30.83 | 27.92 | 27.13 | 28.63
Mean 37.76 37.57 | 36.63 | 36.37 | 35.25 35.25 | 31.86 | 31.11
L.S.D at 0.05 (A) = 0.39, (B) = 0.33, (AxB) = 0.88 (A) = 0. 87, (B)= 0.57, (AxB)=1.52

Table 16. Effect of arginine, tryptophan and salicylic acid treatments on total phenols (mg/ 100g FWt) of
Le-Conte pear fruits during cold storage and shelf life in 2016 season

Weeks of storage at 0'C (B) Days of shelf life at 22°C (B)
Treatments (A) — iti
Initial 3 6 9 12 Mean | Initial 6 12 Mean
Arginine 100 ppm 39.31 | 3891 | 37.99 | 36.52 | 36.11 | 37.77 | 36.11 | 33.14 | 31.53 | 33.60
Arginine 200 ppm 39.88 | 39.44 | 38,51 | 36.92 | 36.23 | 38.19 | 36.23 | 33.11 | 31.71 | 33.68
Tryptophan 50 ppm 38.11 | 37.64 | 36.77 | 3534 | 35.25 | 36.62 | 35.25 | 32.43 | 30.79 | 32.82
Tryptophan 100 ppm 36.93 | 36.51 | 35.68 | 34.32 | 34.24 | 3554 | 34.24 | 31.43 | 29.93 | 31.87
Salicylic 100 ppm 41.02 | 40.60 | 39.60 | 38.13 | 36.36 | 39.14 | 36.36 | 33.35 | 31.79 | 33.83
Salicylic 200 ppm 40.97 | 40.52 | 39.56 | 37.99 | 36.96 | 39.20 | 36.96 | 33.89 | 32.21 | 34.35
Control 32.03 31.70 | 31.01 | 30.07 | 29.75 30.91 29.75 | 27.39 | 26.01 27.71
Mean 38.32 | 37.90 | 37.02 | 35.61 | 34.99 34.99 | 32.11 | 30.57
L.S.D at 0.05 (A) = 0.56, (B) = 0.47, (AxB) = 1.25 (A) = 0.58, (B) = 0.38, (AxB)=1.00

Alves et al (2004) reported that the decrease
in total phenolic levels is owing to breakdown of
phenolic compounds by polyphenol oxidase during
the storage period.

The function of salicylic acid is compatible with
Sarikhani et al (2010) who found similar results in
grape, whereas 2 and 4 mM of salicylic acid signif-
icantly maintained phenols content in fruit. Also,
Hadian-Deljou et al (2017) reported that salicylic
acid at 2 and 4 mM induced accumulation of phe-
nolic compounds in ‘Red Delicious’ apples. Chen
et al (2006) reported that maintaining phenolics
might be due to phenylalanine ammonialyase ac-

tivity, which is related to phenylpropanoid metabo-
lism.
3.2.3. Ascorbic acid (mg/ 100g FWt)

Ascorbic acid is an antioxidant that acts against
reactive O, species beside other substances such
as a-tocopherol that related to the ascorbate-
glutathione cycle, also ascorbic acid participate in
the conversion of 1- aminocyclopropane-1-
carboxylic acid to ethylene (Smirnoff, 1996). In
pear fruits, a correlation was found between
ascorbic acid content and the susceptibility to
browning, Veltman et al (1999) cited that pear cv.
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Conference suffer browning core once ascorbic
acid content decrease.

Tables 17 and 18 present the effect of argi-
nine, tryptophan and salicylic acid treatments on
ascorbic acid (mg/ 100g FWt) of Le-Conte pear
fruits in 2015 and 2016 seasons. Fruit content of
ascorbic acid decreased gradually under all treat-
ments conditions, salicylic acid at 200 ppm re-
tained the highest significant ascorbic acid content
during cold storage in both seasons, and shelf life
in the first season, in addition to salicylic at 100
ppm that showed the highest ascorbic acid content
during the shelf life in the second season. On the
other hand, fruits from the untreated trees showed
the lowest ascorbic acid content in pear fruit cv.
Le-Conte.

In the first season, by the end of storage period
salicylic at 200 ppm showed the highest significant
ascorbic acid (4.09 mg/ 100g FWt) while control
showed the lowest significant ascorbic acid (3.36
mg/ 100g FWt), after 12 days of shelf life period
salicylic at 100 ppm showed the highest significant
ascorbic acid (2.05 mg/ 100g FWt) while control

showed the lowest significant ascorbic acid (1.48
mg/ 100g FWh).

In the second season, after 12 weeks cold
storage period salicylic at 100 ppm showed the
highest significant ascorbic acid (3.95 mg/ 1009
FWt), while control showed the lowest significant
ascorbic acid (3.36 mg/ 100g FWt), also by the end
of shelf life period salicylic acid treatment at 100
ppm showed the highest significant ascorbic acid
(2.24 mg/ 100g FWt) while control showed the
lowest significant ascorbic acid (1.93 mg/ 100g
FW1).

Ascorbic acid losses seem to have taken place
due to the conversion of dehydroascorbic to di-
ketogulonic acid due to oxidation (Ishag et al
2009). The obtained data are in harmony with find-
ings cited by Kazami et al (2011) who observed
higher ascorbic acid content in apple fruits treated
with salicylic acid, also, Reddy and Sharma
(2016) in mango cv. Amrapali; whereas salicylic
acid 200 ppm was effective in maintaining ascorbic
acid.

Table 17. Effect of L-arginine, L-tryptophan and salicylic acid treatments on ascorbic acid content (mg/
100g FWt) of Le-Conte pear fruits during cold storage and shelf life in 2015 season

Weeks of storage at 0'C (B) Days of shelf life at 22°C (B)
Treatments (A)
Initial 3 6 9 12 Mean Initial 6 12 Mean
Arginine 100 ppm 6.32 | 6.24 | 5.17 | 438 | 3.84 | 5.19 3.84 3.23 1.88 2.98
Arginine 200 ppm 6.18 | 6.08 | 5.20 | 450 | 3.92 | 5.18 3.92 3.31 1.95 3.06
Tryptophan 50 ppm | 622 | 6.14 | 5.18 | 4.40 | 3.94 | 5.18 3.94 3.36 1.99 3.10
Tryptophan 100
ppm 6.18 | 6.13 | 5.10 | 4.32 | 3.93 | 5.13 3.93 3.36 1.94 3.08
Salicylic 100 ppm 6.32 | 6.20 | 5.16 | 4.44 | 3.87 | 5.20 3.87 3.30 2.05 3.08
Salicylic 200 ppm 6.46 | 6.40 | 5.34 | 462 | 409 | 5.38 4.09 3.30 2.02 3.14
Control 599 | 599 | 491 | 424 | 3.36 | 4.90 3.36 2.72 1.48 2.52
Mean 6.24 | 6.17 | 5.15 | 4.41 | 3.85 3.85 3.23 1.90
L.S.D at 0.05 (A) = 0.09, (B) = 0.07, (AxB) = 0.20 (A) = 0.14, (B) = 0.09, (AxB) = 0.24
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Table 18. Effect of L-arginine, L-tryptophan and salicylic acid treatments on ascorbic acid content (mg/
100g FWt) of Le-Conte pear fruits during cold storage and simulated marketing life in 2016 season

Weeks of storage at 0'C (B) Days of shelf life at 22°C (B)
Treatments (A)
Initial 3 6 9 12 Mean Initial 6 12 Mean
Arginine 100 ppm 6.75 6.23 | 5.62 | 5.15 | 3.79 551 3.79 2.79 2.09 2.89
Arginine 200 ppm 6.62 6.01 | 559 | 495 | 3.82 | 540 3.82 2.81 2.18 2.94
Tryptophan 50 ppm 6.73 6.14 | 565 | 5.11 | 3.75 5.48 3.75 2.60 2.06 2.80
Tryptophan 100 ppm 6.77 6.15 | 5.50 | 5.05 | 3.86 5.46 3.86 2.69 2.11 2.89
Salicylic 100 ppm 6.96 6.26 | 5.72 | 520 | 3.95 | 5.62 3.95 2.80 2.24 2.99
Salicylic 200 ppm 7.03 6.28 | 578 | 524 | 3.92 | 5.65 3.92 2.80 2.21 2.98
Control 6.27 5.60 | 5.09 | 456 | 3.36 | 4.97 3.36 2.40 1.93 2.56
Mean 6.73 6.10 | 5.56 | 5.04 | 3.78 3.78 2.70 2.12
L.S.D at 0.05 (A) = 0.11, (B) = 0.09, (AxB) = 0.25 (A) = 0.14, (B) = 0.09, (AxB) = 0.24

Salicylic acid is probably effective because of
the stimulation of responsible genes for antioxidant
substances production (Wang et al 2006) and in-
duce antioxidant enzymes activity such as ascor-
bate peroxidase, superoxide dismutase, peroxi-
dase and catalase (Mo et al 2008).

3.2.4. Antioxidant capacity (mg/ 100g FWt)

Data tabulated in Tables 19 and 20 illustrate
the impact of arginine, tryptophan and salicylic acid
treatments on antioxidant capacity of Le-Conte
pear fruits in 2015 and 2016 seasons. Antioxidant
capacity decreased steadily with prolongation stor-
age period. In general, salicylic at 200 ppm

showed higher antioxidant capacity values, in con-
trast, control showed the lowest significant antioxi-
dant capacity in all cases.

By the end of cold storage period, salicylic at
200 ppm showed the highest significant antioxidant
capacity (37.61 and 32.62 mg/ 100g FWt) while
control showed the lowest significant antioxidant
capacity (32.11 and 29.66 mg/ 100g FWt) in 2015
and 2016 seasons respectively.

In similar way, by the end of shelf life period
salicylic at 200 ppm showed the highest significant
antioxidant capacity (25.01 and 25.21 mg/ 100g
FWt) while control showed the lowest significant
antioxidant capacity (20.90 and 21.85 mg/ 100g
FWt).

Table 19. Effect of L-arginine, L-tryptophan and salicylic acid preharvest treatments on antioxidant capaci-
ty (mg/ 100g FW?t) of Le-Conte pear fruits during cold storage and shelf life in 2015 season

Weeks of storage at 0°C (B) Days of shelf life at 22°C (B)
Treatments (A)
Initial 3 6 9 12 Mean Initial 6 12 Mean
Arginine 100 ppm 43.74 | 43.61 | 42.26 | 40.40 | 37.21 | 41.44 | 37.21 30.10 24.42 30.57
Arginine 200 ppm 44.30 | 44.18 | 43.08 | 40.93 | 36.96 | 41.89 36.96 29.37 24.21 30.18
Tryptophan 50 ppm | 44.47 | 44.39 | 42.98 | 41.07 | 37.10 | 42.00 37.10 30.07 24.27 30.48
Tryptophan 100 ppm | 44.84 | 44.77 | 43.25 | 41.39 | 36.63 | 42.18 | 36.63 | 29.34 | 23.95 | 29.97
Salicylic 100 ppm 42.54 | 42,51 | 41.64 | 39.87 | 37.39 | 40.79 | 37.39 30.09 24.69 30.72
Salicylic 200 ppm 40.36 | 40.30 | 39.59 | 38.94 | 37.61 | 39.36 | 37.61 30.02 25.01 30.88
Control 35.76 | 35.21 | 34.70 | 33.47 | 32.11 | 34.25 32.11 26.18 20.90 26.40
Mean 42.29 | 42.14 | 41.07 | 39.44 | 36.43 36.43 29.31 23.92
L.S.D at 0.05 (A) =0.50, (B) =0.43, (AxB) = 1.13 (A) = 0.62, (B) = 0.40, (AxB) = 1.07
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Table 20. Effect of L-arginine, L-tryptophan and salicylic acid preharvest treatments on antioxidant ca-
pacity (mg/ 100g FWt) of Le-Conte pear fruits during cold storage and marketing life in 2016 season

Weeks of storage at 0'C (B) Days of shelf life at 22°C (B)
Treatments (A)
Initial 3 6 9 12 Mean Initial 6 12 Mean
Arginine 100 ppm 40.56 | 40.44 | 36.55 | 35.92 | 32.34 | 37.16 32.34 26.35 24.31 27.67
Arginine 200 ppm 41.77 | 41.67 | 37.70 | 36.93 | 31.75 | 37.97 31.75 26.23 24.43 27.47
Tryptophan 50 ppm 39.98 | 39.84 | 36.13 | 35.21 | 32.21 | 36.67 32.21 26.14 23.81 27.39
Tryptophan 100 ppm | 40.23 | 40.03 | 36.29 | 35.70 | 31.32 | 36.71 | 31.32 | 26.07 | 24.17 | 27.19
Salicylic 100 ppm 42.12 | 41.80 | 37.96 | 37.36 | 32.56 | 38.36 32.56 26.88 24.85 28.10
Salicylic 200 ppm 42.62 | 42.52 | 38.58 | 37.80 | 32.62 | 38.83 32.62 26.40 25.21 28.08
Control 34.21 | 33.80 | 30.93 | 30.11 | 29.66 | 31.74 29.66 24.52 21.85 25.34
Mean 40.21 | 40.02 | 36.31 | 35.58 | 31.78 31.78 26.08 24.09
L.S.D at 0.05 (A) = 0.33, (B) = 0.28, (AxB) = 0.75 (A) = 0.92, (B) = 0.60, (AxB) = 1.60

Antioxidants are compounds that are capable
of inactivating free radicals and their effects (Hal-
liwell, 1996), this interaction led to antioxidant
consumption with storage life prolongation.

Our results were in agreement with Knorzer et
al (1999) who illustrated that salicylic acid applica-
tion positively improve the efficiency of antioxi-
dants in fruits, in addition to Reddy and Sharma
(2016) in mango cv. Amrapali; whereas total anti-
oxidant content was significantly maintained by
salicylic acid application at 200 ppm. In this way,
Hadian-Deljou et al (2017) found that salicylic
acid at 2 and 4 mM maintained antioxidants capac-
ity in ‘Red Delicious’ apples.

Mo et al (2008) suggested that salicylic acid ef-
fect is related to the induction of antioxidant en-
zymes activity such as peroxidase, catalase,
ascorbate peroxidase and superoxide dismutase
enzymes.

CONCLUSION

In conclusion, all conducted preharvest treat-
ments maintained higher significant fruit quality
compared with untreated ones. Salicylic acid
treatments at 100 and 200 ppm exhibited the low-
est weight loss percentages. L-tryptophan at 100
ppm showed the highest significant TSS values,
while salicylic acid at 200 ppm showed the lowest
significant TSS values during cold storage and
shelf life circumstances. Salicylic at 200 ppm min-
imized the rate of decay incidence, showed the
lowest significant respiration rates, also it was ef-
fective in alleviating browning. Salicylic at 200 ppm
significantly maintained pear fruits firmness, and

showed higher fruits peel h* value, antioxidant ca-
pacity values, ascorbic acid content and total phe-
nols concentration of pear fruits cv. Le-Conte. The
results of this study suggested that preharvest
treatments of salicylic acid, arginine and trypto-
phan can be used as promising application not
only for valued effects at harvest but also for posi-
tive impact on fruit quality during postharvest life,
salicylic acid at 200 ppm led to maintaining fruit
quality during cold storage and shelf life.
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