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ABSTRACT

A factorial experiment with randomized complete block design carried out in Erbil governorate, Iraq during 2015 and 2016
seasons on pear (Pyrus Communis L.) Spadona and Compote cvs. to investigate the effects of spraying trees with (0, 0.5,
1.0 and 1.5%) salicylic acid (SA) on some fruits quantity and quality characteristics. The results show that Compote fruits
had the highest weight and firmness significantly compared to Spadona fruits in both seasons, whereas Spadona variety
records the highest total acidity. Fruits of Compote variety records higher chlorophyll a , chlorophyll b and total carotenoids
content significantly compared to Spadona variety in 2015, in the opposite of the results of 2016 in respect to chlorophyll a
and chlorophyll b. Spraying trees with SA increased fruit weight and firmness compare to control treatment for both
seasons, and total acidity in 2015 and total sugars in 2016, whereas the differences were not significant in 2016 and 2015
for the last two properties. In 2015 spraying 1.5% SA increased each of chlorophyll a and b content significantly compared
to other concentrations, whereas significant decrease in total carotenoids content observed with increasing SA
concentration, whereas the differences between SA treatments were not significant in 2016 in respect to chlorophyll a, b
and total carotenoids.
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INTRODUCTION

Pear (Pyrus communis L.) is an important fruit which is grown in temperate zone throughout the world. It is cultivated in
the middle and Northern parts of Iraq depending upon cold requirement for breaking dormancy [1]. In Iraq pear tress
cultivated in 2400 hectare area giving 14326 ton per year [2].

Pear is a climacteric fruit [3] had a rapid ripening that shortens their storage life and decreased the efficiency of their
handling and transporting [4], especially in Iraq where some of its varieties are harvested during August, therefore it is very
important to search for active applying in order to improve fruits qualities especially storability characteristics.

Recently salicylic acid (SA) is used in order to improve fruits quality and prolong storage period. These treatments are
conducted either pre-harvest or postharvest [5, 6 and 7]. SA is considered as a plant hormone [8], inhibiting ethylene
biosynthesis and delaying fruits senescence [9], and it is considered as safe for human health [10].

There are several studies indicating beneficial influences of SA on fruits, such as the study conducted by [11] on apple
trees cv. Anna, whom found that spraying trees with 50, 100, 200 or 400 ppm SA for 1, 2, 3 or 4 times increased fruits total
acidity and sugars and decreased fruits TSS with increasing SA concentration and numbers of spraying during 2009 and
2010 seasons. [12] found that spraying peach trees cv. Florida king with 1, 2 and 3 mM SA in three different stages
increased fruits weights, firmness and total acidity compared to control treatment. [13] found that spraying mango trees cv.
Kesra with 1500, 2000 and 2500 ppm SA, the treatment 2500 ppm increased fruit yield and keeps fruits TSS, acidity and
sugars compared to control treatment. [14] and [15] show that saying apple and peach trees with SA increased chlorophyll
a and b in fruits compare to control.

As it shown in the previous studies the good effects of SA on quantity and quality characteristics of different fruits were
conducted, but a little on pear. Because of this reason and attention to the risk of improper use of chemicals in pre and
post-harvest technology and consumer’s demand for healthy products, this study was conducted in order to improve
quantity and quality of two pear fruits varieties (Spadona and Compote cvs.) by spraying trees with different concentration
of SA at the condition of Northern region of Iraq.

2. MATERIAL AND METHODS
2.1 Plant Material

A study was carried out in a private orchard in Erbil governorate, 414m altitude, and 36.41° North latitude during 2015 and
2016 seasons on pear (Pyrus communis L.), 48 trees of 5 years old of Spadona and Compote cvs. were selected and
sprayed at sun set to runoff with SA (0 (only water), 0.5, 0.1 and 1.5 %) in two different times the first was a month after
full bloom (18th and 28th of May 2015 and 2016 respectively), whereas the second spray was two weeks later.

2.2 Studies Characteristics

Firm, yellow-green fruits were harvested from the trees of each experimental unit in 4" of July for Spadona variety and the
1% of November for Compote vareity, and the following characteristics were performed in the laboratories of Koya
University as follows: average fruit weight, fruits firmness by using hand-penetrometer with 7.9 mm head diameter and
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remove part of the fruit peel [16], total soluble solids (TSS) by using hand-refractometer according to [17], total sugars
was estimated by using spectrophotometer at 490 nm as it mention in [18], total acidity estimated by titrating against 0.1N
sodium hydroxide using phenolphthalein as indicator and expressed as mg of malic acid per gram, each of chlorophylls
and carotenoids pigments were determined by using acetone as solvent according to [19].

Meteorological data in the field condition during the growing seasons were measured by the Directorate of Weather and
Earthquakes/ Erbil/ Irag- Kurdistan Region as it shown in Table 1.

Tablel. Maximum and minimum temperature, the relative humidity and the amount of rain fall during
growing seasons.

Month Average of Temperature Relative Humidity (%) Falling Rain (mm)
2015 2016 2015 2016 2015 2016
January 8.4 7.5 61.5 79.3 52 71.8
February 9.8 11.5 62.2 79.7 48.1 61.9
March 12.9 13.8 58.4 87.3 95.7 110.2
April 17.3 18.9 50.8 77.8 29.2 61.4
May 254 24.5 34.9 63.6 4.6 1.1
June 30.3 31.2 43.8 51.9 - -
July 35.2 34.5 59.0 50.8 - -
August 343 35.8 80.1 51.3 - -
September 31.3 28.6 84.1 54.3 12.5 -
October 23.5 23.9 86.4 52.6 98.9 0.4
November 14.7 15.2 82.1 52.2 102.7 21
December 9.5 8.3 83.2 67.2 121.8 128.9

2.3 Statistical Analysis

Factorial experiment in randomized complete block design with 3 replicates was used in this study. Data subjected to
analysis of variance using SAS program. Treatments means were compared using Duncan’s multiple range test (p< 0.05)
[20].

3. RESULTS
3.1 Effects on average fruit weight ()

Results in table 2 show that Compote fruits weight was significantly higher than Spadona fruits in both seasons. Spraying
trees with 0.5% SA increased fruit weight significantly compared to other treatments in 2015, whereas in 2016 compared
to control and 1.5% treatments, when the lowest values were recorded in 1.5% SA for both seasons. All interactions
between Compote variety and SA concentrations were superior in fruit weight especially 0.5% SA in 2015 and each of 0.5
and 1% SA in 2016.

3.2 Effects on fruit firmness (Kg/cm?®)

Firmness of Compote variety fruits was significantly higher than Spadona variety in both seasons (Table 2). SA
concentration had non-significant effects on fruits firmness in 2015, whereas in 2016 the firmness increased with
increasing the acid concentration significantly for 1 and 1.5% concentrations compare to the control. The interaction
between variety and SA concentration on fruit firmness showed that spraying trees of Compote variety with 0.5% SA
increased the fruit firmness significantly compared to all interactions between Spadona and SA concentrations, whereas in
2016 fruits firmness increased significantly in all interactions of Compote variety compared to Spadona variety.

3.3 Effects on fruit total soluble solids (TSS) (%)

Each of the variety of pear fruits, SA concentration and there interactions had non-significant effects on fruits TSS in 2015,
whereas in 2016 Compote fruits TSS increased significantly compared to Spdona variety, while the SA had non-significant
effects on the percent of fruits TSS. In respect to interaction between the two factors, results in table 3 show significant
increases in the percent of TSS content in the all interactions of Compote fruits with SA concentrations compared to
Spadona interactions except the 0.5% SA treatment.
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3.4 Effects on fruit total sugars (%)

Variety had non-significant effects on fruits content of total sugars in both seasons. Same effect was observed by SA
factor in 2015, whereas in 2016 fruits total sugars increased with increasing SA concentration, were the highest value
11.12% was recorded in 1.5% SA treatment. The interactions between Spadona variety with 1% SA and Compote variety
with 0.5% SA increased fruits total sugars significantly to 14.21 and 14.11% respectively compared to the interaction
between Spadona variety and spraying 0.5% SA in 2015, whereas in 2016 the interactions between varieties and SA
concentrations had non-significant effects on fruits total sugars (Table 3).

3.5 Effects on fruit total acidity (%)

Results in table 3 show that fruits of Spadona variety record the highest total acidity for both seasons compare to Compote
variety. Increasing SA to 1.0 and 1.5% increased the fruit total acidity compared to 0 and 0.5% treatments in 2015,
whereas in 2016 the differences were not significant. Interactions between the varieties and spraying SA show that total
acidity decreased significantly in Compote variety interactions compare to Spadona in both seasons, whereas higher value
were record in the interaction between Spadona variety with 1.5% SA which reached to 2.03 and 2.16% for both seasons
2015 and 2016 respectively.

3.6 Effects on fruits peel pigments (mg/cm? sol)

Results in table 4 show that fruits of Compote variety records higher chlorophyll a, b and total carotenoids content
significantly compared to Spadona variety in 2015, in the opposite of the results of 2016 in respect to chlorophyll a and
chlorophyll b. Spraying 1.5% SA increased each of chlorophyll a and b content significantly to 0.34 and 0.41 mg/cm3 sol
compared to other concentrations, in contrast, increasing SA concentration leads to significant decrease in total
carotenoids content in 2015, whereas the differences between SA treatments were not significant in 2016 in respect to
chlorophyll a, b and total carotenoids. Interactions between varieties and spraying SA show that most of Compote variety
with SA increased chlorophyll a and b in 2015 in the opposite of 2016 when most interactions of Spadona variety record
the highest values, whereas total carotenoids was higher in compote interactions for both seasons.

TABLE 2. Effects of tree spraying with salicylic acid (SA) on fruits weight and firmness for Spadona
and Compote pear fruits at harvesting during two seasons.

Fruit weight (g) Fruit firmness (Kg/ cm?)
Treatments
2015 2016 2015 2016
Varieties
Spadona 90.45b 93.38 b 13.42b 17.58 b
Compote 139.51 a 190.78 a 15.88 a 2275a
Concentration of SA (%)
0 114.10 b 138.34 ab 14.92 a 19.33 b
0.5 134.94 a 153.00 a 15.33 a 20.00 ab
1.0 109.71 bc 152.17 a 13.83 a 20.50 a
15 101.17 ¢ 124.80 b 14.50 a 20.83 a
Interaction between variety and SA
Spadona x 0 90.67 d 101.2¢c 14.50 bcd 16.3 ¢
Spadona x 0.5 92.87 d 916 ¢ 13.50 bc 16.7 c
Spadona x 1.0 88.82d 85.5¢ 12.50 d 18.7b
Spadona x 1.5 89.43 d 95.2¢c 13.17 cd 18.7b
Compote x 0 137.53 b 175.4 b 15.33 abc 223 a
Compote x 0.5 177.00 a 2144 a 1717 a 233 a
Compote x 1.0 130.60 b 2189 a 15.17 abc 22.3a
Compote x 1.5 112.90 ¢ 154.4 b 15.83 ab 23.0a

Means followed by the same letters within column for variety, SA concentration and their interactions are not significantly
different at p < 0.05 according to the Duncan’s Multiple Range test.
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TABLE 3. Effects of tree spraying with salicylic acid (SA) on fruit TSS, total sugars and total acidity
for Spadona and Compote pear fruits at harvesting during two seasons.

TSS (%) Total Sugars (%) Total acidity (%)
freaiments 2015 2016 2015 l 2016 2015 2016
Varieties
Spadona 1231 a 11.32 b 12.50 a 11.18 a 1.36 a 209a
Compote 1229 a 1295 a 12.96 a 9.73 a 0.86 b 1.38b
Concentration of SA (%)
0 12.29 a 12.03 a 12.87 a 9.50 b 0.88b 1.76 a
0.5 12.34 a 11.93 a 12.58 a 10.63 ab 0.73 ¢ 1.63a
1.0 12.46 a 12.60 a 13.56 a 10.59 ab 143 a 1.78 a
15 1211 a 11.97 a 11.91a 1112 a 140 a 177 a
Interaction between
variety and SA
Spadona x 0 12.34 a 11.2 bc 12.92 ab 9.70 a 0.98d 214 a
Spadona x 0.5 12.00 a 11.1 bc 11.06 b 1213 a 0.80e 1.91b
Spadona x 1.0 12.80 a 12.1 ab 14.21 a 11.36 a 1.61b 213 ab
Spadona x 1.5 1211 a 109¢c 11.81 ab 11.56 a 2.03a 216 a
Compote x 0 12.23 a 129 a 12.82 ab 9.29 a 0.78 e 1.38¢
Compote x 0.5 12.69 a 12.7 a 14.11a 9.14 a 0.65e 134 c
Compote x 1.0 1211 a 13.1a 12.92 ab 9.83a 1.25¢ 143c
Compote x 1.5 1211 a 13.1a 12.00 ab 10.68 a 0.76 e 1.38¢c

Means followed by the same letters within column are not significantly different at p < 0.05 according to the Duncan’s
Multiple Range test.

TABLE 4. Effects of tree spraying with salicylic acid (SA) on fruit peels content of chlorophyll a, b and
total carotenoids for Spadona and Compote pear at harvesting during two seasons.

Chlorophyll a ‘ Chlorophyll b ‘ Total carotenoids
Treatments (mg/cm® sol)
2015 2016 ‘ 2015 2016 ‘ 2015 2016
Varieties
Spadona 0.23b 0.32a 0.18b 0.52a 0.08 b 0.09b
Compote 0.28 a 0.15b 0.47 a 0.23b 0.297 a 0.27 a
Concentration of SA(%)
0 0.24b 0.24 a 0.30b 0.46 a 0.191a 0.20a
0.5 0.22b 0.19a 0.29b 0.30a 0.144 ab 017 a
1.0 0.23b 0.28a 0.29b 0.36 a 0.143 ab 0.18a
15 0.34a 0.25a 041a 0.35a 0.133 b 0.16 a
Interaction between variety
and SA
Spadona x 0 0.20c 0.29 ab 0.12d 0.58 a 0.08 ¢ 0.07b
Spadona x 0.5 0.19¢c 0.29 ab 0.16 cd 0.52 ab 0.09c 0.09b
Spadona x 1.0 0.20c 0.40a 0.17 cd 0.52 ab 0.08 c 0.11b
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Spadona x 1.5 0.35a 0.30 ab 0.26 ¢ 0.47 ab 0.08 ¢ 0.08b

Compote x 0 0.29 ab 0.18 bc 0.49 ab 0.34 ab 0.374 a 0.33a
Compote x 0.5 0.25 bc 0.10c 0.42Db 0.15Db 0.280 b 0.25a
Compote x 1.0 0.25 bc 0.15 bc 0.42Db 0.20 ab 0.278 b 0.25a
Compote x 1.5 0.33a 0.19 bc 0.56 a 0.24 ab 0.258 b 0.24 a

Means followed by the same letters within column are not significantly different at p < 0.05 according to the Duncan’s
Multiple Range test.

4. DISCUSSIONS

Most of the differences in quantity and quality characteristics of a fruit varieties are controlled by the genetic factors as a
result of differences in tissues, internal hormones and enzymes activities [21], which reflects on characteristics of the
varieties of same species to a significant levels, as it shown in weight loss, fruit firmness and total sugars (Table 2 and 3).
Decreases in fruits TSS and increases in total sugars in Spadona fruits (Table 3) may due to late maturing of this variety
compared to Compote.

The increase in fruits weight for 0.5% SA came from the positive effects of SA on increasing the bio-productivity as a result
increasing photosynthesis pigments and increasing photosynthesis process [22], these results agree with [23] on
grapefruits.

Firmness of any fruit variety depends mainly on cell wall tenacity and storage materials like pectin, starch, etc. , so
decreasing fruit firmness due to transforming non-soluble pectin to soluble pectin [24] as a result of reaction of
polygalacturonase, lipoxygenase, cellulose and pectin methyl esterase enzymes which analyzed cell wall and increased
fruit softness [7]. So the different between Compote and Spadona varieties in these reactions may due to difference in
their fruits firmness in both seasons. According to [25], the sudden decrease in fruits firmness during ripening is concise
with rapid decrease in fruits content of salicylic acid, so the external application of this acid will retards fruit firmness, and
this is clear in graduate increases in fruits firmness with increasing SA concentration in 2016 (Table 2).[26] returns the
softening of climacteric fruits to ethylene production, and added SA retards the activity of enzymes that analyses cell wall,
such as galacturonase, lipoxofygenase, cellulase and pectin methyl esterase which decreased fruit softening [7]. This
confirm the results of [27] on peach and [28] on grapefruits.

TSS increase is considered as a ripening marker. Decreasing fruits TSS in SA treatments due to delaying ripening,
inhibiting catalysis enzymes and controlling water loss from fruits surfaces [22], decrease in ethylene production as a
result to decrease in activity of enzymes that synthesis sucrose phosphate, which consider as the key enzyme for sucrose
metabolism [7]. The study results agree with those 0f[29] on pear and [30] on kiwifruits.

Increasing total sugars in fruits from trees treated with 1.5% SA due to the effects of SA in production and transporting
sugars and pigments [8], and metabolism processes were organized by SA sprayed on trees [31].

Keeping high acidity in fruits from trees treated with SA due to decreasing in respiration and ethylene production [26, 32
and 33], and its role in decrease pectin dissolving [34] and delaying fruits ripening. The results agree with [31, 35 and 36].

The significant increase in chlorophyll a and b in the treatment of spraying 1.5% SA in the fruits of two varieties (Table 4)
may due to decreasing in ethylene production which is leads to decreasing chlorophyllase enzyme [26] in the fruits of both
varieties. The decrease in carotenoids content in Spadona variety in addition to genetic factors may due to increase in
temperature before harvest in June and July, where high temperature (Table 1) due to inhibiting carotenoids accumulation
in fruits [37]. The study results agree with [14] and [15] on apple and peach fruits.
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