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Abstract

This experiment was carried out during two sucegsseasons, 2012 and 2013, on 8 years
old "Le Conte" pear budded d&yrus communis L. rootstock. The trees were grown in sandy
loam soil in a private orchard located at Burg Eitald, Alexandria governorate, Egypt. The
trees were sprayed with water only (control treatthenaphthalene acetic acid (NAA) at 50
and 100 mg/L, gibberellic acid (GAat 50 and 100 mg/l and calcium nitrate at 0.5 and
mg/L, three times: in full bloom, which was at theginning of March, a month later and
then two months from the first spray. The obtainesllts showed that the foliar application
of NAA, GA3 and calcium nitrate significantly improved shoendth and thickness, leaf
area, fruit set and fruit yield. Additionally, thegave a remarkable increase in weight, size
and firmness of fruits and N, P, Ca and Mg conterthe leaves over control. Among all the
used treatments, calcium nitrate at 1 mg/l hachibkest beneficial effect. It caused the best
remarkable increase in fruit set percentages, Yigfiree), yield (ton/hectare), fruit firmness,
acidity and vitamin C content. Moreover, it sigoéntly decreased fruit drop percentage, as
compared to the control and the other treatment®in seasons.
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Introduction

Pear Pyrus communis L.) is one of the favorite fruits of temperate zarel considered the
third of deciduous fruits, the fourth among allifsuin its global distribution and one of the
most important deciduous fruits in Egypt. 'Le COpiar resulted as a hybrid betwddmus
communis L. x Pyrus serotina L., is the main pear cultivar grown in Egypt. The total
cultivated area for pear fruits were 3741 hectanéls total production estimated to 48817 ton
(FAO, 2011).

Gibberellins promote seed germination, stimulagenseélongation, leaf expansion, flowering,
pollen and seed development and delay fruit ripg(Rosenvassegt al., 2006). The foliar
application with gibberellic acid (Gincreased weight, volume and length of "Amrapali"
mango fruits, because it helps to multiply and teag the meristem cells (Sarkar and Ghosh,
2005). Gupta and Kaur (2007) noted that sprayiragli$Spurple” plum with 10 and 20 mg/
of naphthalene acetic acid (NAA) at different segéfruit development increased fruit yield
due to a higher retention and enhancement of Buzi¢. Additionally, they significantly
increased fruit weight and total soluble solid. Tise of plant growth regulators such as NAA
and GA reduced flower drop, gave a high flower retentaond increased yield and fruit
quality in mango and other fruit species such &sigi apple and guava (Igbetlal., 2009).
Nkansahet al. (2012) investigated the effect of @And NAA sprays on fruit retention, fruit
quality and yield of "Keitt" mango trees at fullooim stage. The results proved that 25 mg/I
from GAg or NAA significantly improved fruit set, fruit rebtion, number of fruits per cluster
and per plant, fruit weight and yield in both seas®wiatkiewicz and Blaszczyk (2009)
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studied the effect of early spraying, beginningJahe, with 0.4 mg/l and late spraying in
August, about 30 days before the harvest, withrAgdl of Ca (NQ), on storability and
calcium content, as well as elemental mutual mtetiin ‘Elise’ fruit of a 5-year-old apple
tree. The trees were sprayed 3 times at 10 dagvaigein the first time of fruit development,
beginning of June and 30 days before fruit harJestit mineral composition was estimated
after harvest. The obtained results indicated byiethiat the foliar sprayings with calcium
before harvesting, 30 days before, increased Caeoration and significantly decreased
N/Ca and K/Ca ratios in fruits in both years. Bureated with Ca (N§) had a higher flesh
firmness and titratable acidity than control. Spngy'Amhat" date palm inflorescence with 1
and 2 mg/l calcium nitrate significantly increaskdit set, fruit retention, fruit yield and
length, diameter, weight and volume of fruit (Sayretv al., 2012). The aim of this study was
to investigate the effect of gibberellic acid, néyatbene acetic acid and calcium nitrate on
vegetative growth parameters, fruit set, yieldjtfquality and leaf mineral content of "Le
Conte" pear trees.

Materialsand Methods

The present investigation was carried out during successive seasons, 2012 and 2013, on
"Le Conte" pear trees which is a hybrid betw®&gnus communis L. X Pyrus serotina L. The
trees were of 8 years old at the start of the exymat, budded ofyrus communis rootstock.
They were planted at’%5 m apart and grown on sandy loam soil in a peiathard located
at Burg EL-Arab, Alexandria governorate, Egypt. Y¥h&ere in normal growth and were
uniform in vigour.

Physical and chemical analysis of the experimesudlare illustrated in Table (1).

The trees were sprayed three times at full bloomickvwas at the beginning of March, a
month later and then two months from the first ggrathe two seasons with the following
treatments: water only (control), naphthalene acatid at 50 and 100 mg/l, gibberellic acid at
50 and 100 mg/l, calcium nitrate at 0.5 and 1 mbfirty five uniform trees were selected for
the present study. The treatments were appliedaarashged in a randomized complete block
design. Each treatment included five replicate$ wite tree for each replicate. The effect of
the previous treatments was studied by evaluatieg influence on the following parameters.
Vegetative growth parameters

Four main and uniform branches were chosen anathggfour cardinal points of each treated
tree, and the average of their shoot length in o #hickness in cm were measured in
October, in the two studied seasons. Twenty masaees were collected randomly from each
replicate to determine leaf area in Tmhich was measured with a CI-203 laser area meter
(CID Inc., Washington, USA).

Flowering and fruiting

Four branches, in the different sides of each caphvere tagged for determining the fruit set
and fruit drop percentages. Fruit set was cacledlatcording to Westwood (1988) equation

Fruit set % — Number of set fruitlets % 100
rutsetvo = Number of opened flowers

Furthermore, the number of dropped fruits were méeo till harvest time, then estimated as
percentage on the basis of initial number of fettlaccording to this equation

_ Number of dropped fruitlets
Fruit drop % = . x 100
Number of set fruitlets

Yield per tree

Fruit yield on each replicate resulting from thelégd treatments was expressed as the weight
of fruits in kg per tree which was attained at lest\stage, second week of August.

Yield (ton/hectare) was expressed by multiplying the weight of fruiex preex number of
trees/hectare.



Fruit quality

Twenty fruits from each replicate were chosen ramgofor determination physical and

chemical characteristics

Fruit physical characteristics

- Fruit weight (g), fruit length (cm) and fruit diatee (cm)

- Fruit firmness was estimated by Magness and T4{®@25) pressure tester. This instrument
measures firmness by recording the amount of fagqaired to depress plunger 5/16 of one
inchin diameter and recorded as Ib/inch2.

Fruit chemical characteristics

- Total soluble solids (TSS) was determined by a hraefrdctometer,

- Titratable acidity was determined according to AORM95) using 0.1 N sodium hydroxide
and phenolphthalein as an indicator and was exgdess % malic acid,

- TSS/ acid ratios were calculated for each replichtee applied treatments,

- Vitamin C (ascorbic acid) was determined by titatwith 2,6-dichloroindophenol (AOAC,
1992) and calculated as mg/100 ml of juice,

- Total sugar were determined according to Malik &megh (1980). They were extracted from
5g fresh weight and determined by phenol sulfun@ eNelson arsenate-molybadate
colorimetric methods for total sugars.

L eaf mineral compositions

Twenty leaves from the middle part of the shoote@ading to Chuntanaparb and Cummings,

1981) were selected randomly from each replicatéh@ second week of June) to determine

their content from N, P, K, Ca and Mg (accordingNdde et al., 1985). Determination were

carried out on dry weight basis.

Statistical analysis

The obtained data were subjected to the propeysisabf variance (ANOVA) according to

Snedecor and Cochran (1980). Least significantedifice (LSD) at 0.05 % level of

significance was used to compare the treatmentaisnea

Results

Data in the Table 2 cleared that the spray of ibestwith GA at 100 mg/l and calcium nitrate
at 1 mg/l significantly increased shoot length,ahtbickness and leaf area in both seasons, as
compared to control. GAat 50 mg/l significantly enhanced shoot length &ad area in the
first season and in both seasons respectivelygrmparison to the control. NAA at 50 and 100
mg/L, GAg at 50 mg/l and calcium nitrate at 0.5 mg/| sigrafitly improved shoot thickness in
the two seasons compared with the control. Thenreats of NAA at 50 and 100 mg/l and
calcium nitrate at 0.5 mg/l gave a slight increagech was insignificant in shoot length and
leaf area, as compared to control in both studgmsea

From the data listed in the Table 3, it can be kated that the application of NAA or GAt

50 mg/l and calcium nitrate at 0.5 or 1 mg/l gavermarkable increase in fruit set percentages,
yield in kg/tree and yield in ton/hectare, over wohin the two seasons. On the opposite side,
the treatments of NAA or GAat 100 mg/l did not give any significant increasdruit set
percentages, yield in kg/tree and vyield in ton/aext compared with control in the two
seasons. Calcium nitrate at 1 mg/l had the higlpesitive effect to reduce fruit drop
percentages in the two seasons, as compared tmlcd®A or GAz at 50 mg/L, and calcium
nitrate at 0.5 mg/l greatly decreased the percestay fruit drop in the second year, with
comparing to control. On the opposite side, NAAG@A; at 100 mg/l did not have any
remarkable effect on the reduction of fruit dropgestages in the two seasons, as compared to
the control.

The results shown in the Table 4 revealed that NAAO or 100 mg/l, GAat 50 or 100 mg/I
and calcium nitrate at 0.5 or 1 mg/l significarttyproved fruit weight and fruit diameter over



control in the two seasons. The application of NaA50 or 100 mg/l and Gfat 50 or 100
mg/l gave also significant increases in fruit ldngt both seasons over control. &ét 50 or
100 mg/l and calcium nitrate at 0.5 or 1mg/| staily enhanced fruit firmness in the two
seasons over control. Calcium nitrate at 0.5 ordll mreatly improved fruit length in the
second season, but in the first season, their teffes not remarkable with comparing to
control. NAA at 50 or 100 mg/l treatments gaveighdlincrease, which was not enough to be
significant in fruit firmness in the two seasons,campared to control.

The statistical results in Table 5 indicate that;GA50 or 100 mg/l and calcium nitrate at 0.5
or 1 mg/l significantly improved vitamin C contentthe fruits compared with control in both
experimental seasons. On the other hand, NAA aar&D 100 mg/l insignificantly enhanced
vitamin C content in the fruits in the two seasanth comparing to the controGA; at 100
mg/l and calcium nitrate at 0.5 and 1 mg/l markediged the acidity in the fruits in the two
seasons, over control. Additionally, @At 50 mg/l in the first season significantly iresed
the acidity in the fruits but in the second seasba,enhancement was slight in comparison to
the control. On the opposite side, NAA at 50 an@ &/l did not have a great effect on the
acidity percentage in the two seasons, comparddaaittrol. TSS/acid ratio greatly decreased
by the application of GAat 100 mg/l and calcium nitrate at 0.5 and 1 nmgthe two seasons
with comparing to the control. GAat 50 mg/l and NAA at 50 or 100 mg/l decreaseghsly
TSS/acid ratio in the two seasons compared withrobrAll the treatments did not have any
significant effect on the percentages of total Bl@usolids or total sugar content in the two
seasons in comparision to control.

Nitrogen, phosphours and magnesium content ingheels was significantly improved by the
spray of GA at 100 mg/l and calcium nitrate at 0.5 or 1 mg/rothe control in the two
seasons as shown in Table 6. NAA at 50 and 100 amgll GA at 50 mg/l significantly
increased also nitrogen and phosphours contentevemtheir effect on magnesium content
was insignificant in the two seasons, compared wathtrol. Calcium content in the leaves was
markedly improved by the usage of NAA at 100 mgil @alcium nitrate at 0.5 and 1 mg/l in
the two seasons in comparison to the control. NAA®@& mg/l and GA at 50 mg/l raised
slightly calcium content in the leaves. On the apf@oside, all the treatments decreased
potassium content in the leaves, as compared todthikeol in both experimental seasons.

Discussion

The experimentatesults indicated that the foliar application of £#ignificantly improved
fruit weight, size and firmness of "Le Conte" p#&@es. Moreover, it increased the acidity in
the fruits and this explained why it delayed theening of them. These results were in parallel
with the findings Kappel and Mac Donald (2002) whentioned that sweet cherrig?r (nus
avium L.) GAs- treated fruits was significantly firmer, largendahigher in their titratable
acidity than that of untreated fruits and couldhagvested later. GAsignificantly improved
leaf mineral content and the percentage of fruitasel yield and statistically decreased fruit
drop percentage. These results agreed with thenfiedof Kabeel and Fawaaz (2005) who
found that the spray of gibberellic acid on "Le @dmpear trees greatly enhanced the fruit set
percentage thereby yield percentage, fruit chanattss, e.g. fruit weight, size, dimensions,
firmness, acidity, and leaf mineral contents amphiicantly decreased fruit drop percentage,
as compared to the control. The foliar applicatidrgibberellic acid on "Gola" peaPyrus
pyrifolia (Brum.) Nakai] positively reduced fruit drop amdproving fruit growth, productivity
and fruit quality compared with the control (Kunetal., 2013). NAA had a positive effect on
fruit set, yield, vegetative growth and fruit quialiof "Le Conte" pear trees. These results
coincided with the findings of Claytoet al. (2000) who stated that NAA reduced premature
fruit drop in California "Bartlett" pears. Igbadt al. (2009) reported that NAA markedly
decreased preharvest fruit drop and increased el fruit quality of guava. Spraying



"Costata" persimmon trees with NAA remarkably immd vegetative growth, fruit retention,
fruit weight and tree yield compared with the coht{Kassenet al., 2010). The application of
NAA with 20 mg/l at young fruit period enhancedifrgrowth and improved final fruit size of
pear (Cheret al., 2012). In our experiment, NAA increased fruiidity and this explain why it
delayed the ripening of fruits. These data agre#d findings of Antonio and Bettio (2003)
who noticed that treating "Diamante” peaches byn8fJl NAA delayed the fruit harvesting
time. Calcium nitrate significantly improved frustet, yield, fruit quality and leaf mineral
content of "Le Conte" pear trees, over controlha two seasons. These findings were in the
same trend with the findings of Faust (1989) whatest that calcium might be the most
important mineral element determining the qualifyfrait, particularly in apples and pears,
because these fruits are stored for long periodsnod. Pre and postharvest application of
calcium helps to retain fruit firmness and increaisé@min C content in apple (Na Phenal.,
1997). The foliar spray of "Kelsey" plum with Ca@®). greatly enhanced the fruit set, leaf
content of nitrogen and calcium, retained fruitgjtfweight and tree yield, over control (Abdel
Hafeezet al., 2010). Calcium plays an important role in regatp the metabolism in apple
fruit, maintaining adequate concentration for fréitmness and delaying fruit ripening
(Demuth and Sundrud, 2012). The beneficial efféatatcium in increasing fruit set might be
due to the higher availability of photosynthesisl dhese chemicals are also associated with
hormone metabolism, which promotes synthesis ofngessential for fruit set and growth
(Kazemi, 2014).

Conclusion

- The foliar application of calcium nitrate at 1 %dhthe highest beneficial effect to increase
fruit set percentages, yield, fruit firmness, atgidgind vitamin C content in the fruit and to
decrease fruit drop percentages of "Le Conte" freas compared with the control and the
other treatments.

- Treatments with GAand NAA improved to a lesser extent vegetativemno fruit set,
yield, fruit quality and mineral content of the Wea, as compared to the control.
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Table 1. Physical and chemical characters of esxpmrial orchard soil

Depth | EC | pH CaCQ Cations (meq/ L) Anions (meq/ L Sand Sily Clay xfiee
(cm) | dS/ ca* | Mg™ | Na© | K* HCO; | CI Slo'y

m
0 -|078 | 7.6 20.26 6.36| 3.81 6.09 0.52  11.31 5.6 41 .39 12.4 | 18.23| Sandy loam
30
30 —| 102 | 758 | 22.36 6.17| 5.27 7.36 127 985 612 3.467/0.64 | 893 | 20.43| Sandy loan
60

Table 2. Effect of NAA, GA3 and calcium nitrate on vegetatigrowth of "Le Conte" pear
trees during 2012 and 2013 seasons

Treatments Shoot length (cm) Shoot thickness (cm) eaf irea (cn)

2012 2013 2012 2013 2012 2013
Control 42.25d 42.67 c 0.68d 0.75e 24.11c 24.85
NAA at 50 mg/I 42.36 d 43.27 ¢ 0.71c 0.78d 2425 | 25.64 de
NAA at 100 mg/I 42.53 d 43.57 c 0.72 ¢ 0.79d 2446 | 25.74 cde
GA; at 50 mg/l 43.75¢c 44.12 bc 0.76 b 0.82c¢c 25.92 b| 26.17 bcd
GA; at 100 mg/l 45,78 a 46.08 a 0.87 a 0.89b 27.18 4 27.86 a
Calcium nitrate 0.5 %| 42.87d 43.54 c 0.78 b 0@0c 24.62 c 25.73 cde
Calcium nitrate 1 % 44.65b 44.85b 0.89 a 0.92a 6.4&@ab 26.73 bc

Least significant difference (LSD) at 0.05 % lewélsignificance was used to compare the treatmesdns

Means not sharing the same letter(s) with in eaxtnen, are significantly different at 0.05 level mfobability
according to the proper analysis of variance (ANQVA

Table 3. Effect of NAA, GA3 and calcium nitrate foait set, fruit drop and yield of
"Le Conte" pear trees during 2012 2083 seasons

Treatments Fruit set (%) Fruit drop (%) Yield (kg/ tree) Yie{tbn/ hectare)

2012 2013 2012 2013 2012 2013 2012 2013
Control 8.14c 9.64c 80.27 a 81.36a 30.46 B2 12.29c¢c 126¢c
NAA at 50 mg/I 9.36 b 9.85b 78.65 a 77.63 b 3456 | 40.34b 15.55b 16.27b
NAA at 100 mg/I 7.96 c 8.14c 79.85 a 81.17 a 2837 | 30.39c 11.83 ¢ 12.26 ¢
GA; at 50 mg/l 10.24 b 1047 b 79.35a 78.47b 43.64p45.73 a 17.59 a 18.43 a
GA; at 100 mg/l 8.05¢ 8.12¢ 80.95 a 82.14 a 29.65¢30.81 ¢ 11.95¢ 1243 ¢c
Calcium nitrate 0.5% 9.25b 9.75b 78.14 a 78.25b | 37.85b 39.75b 15.26 b 16.03 b
Calcium nitrate 1% 11.37a 12.08 a 74.15 R 75.08c | 46.92 a 48.37 a 1891 a 19.51a

Least significant difference (LSD) at 0.05 % lewélsignificance was used to compare the treatmesdns
Means not sharing the same letter(s) with in eaattinen, are significantly different at 0.05 level mfobability
according to the proper analysis of variance (ANQVA

Table 4. Effect of NAA, GA3 and calcium nitrate fvnit weight, length, diameter and fruit
firmness of "Le Conte" pear treesmy2012 and 2013 seasons

Treatments Fruit weight (g) Fruit length (cm) Fruit diametent) Fruit firmness (Ib/ 1
2012 2013 2012 2013 2012 2013 2012 2013
Control 140.65 f 141.72 g 8.26 e 8.29 f 532e 541 | 13.47d 13.85d
NAA at 50 mg/I 152.46 d 154.82d 8.51d 8.92d 562 | 5.92d 13.51d 13.92d
NAA at 100 mg/I 168.63 ¢ 170.25 ¢ 9.12¢c 9.37c 261 6.27c 13.55d 13.96d
GA; at 50 mg/l 174.25b 178.67b 9.56 b 9.87b 6.41b| 6.87b 15.56 ¢ 15.73¢c
GA; at 100 mg/l 178.61a 184.37 a 9.92a 10.02 a $93 | 7.04a 16.86 ¢c 16.92 b
Calcium nitrate 0.5% 146.37 e 148.25 f 8.40 dg 8.86 5.58d 5.82d 17.27b 17.83a
Calcium nitrate 1% 151.67d 152.14 e 8.46 d¢ 8.50e | 5.57d 5.60e 18.76 a 18.67 a

Least significant difference (LSD) at 0.05 % lewélsignificance was used to compare the treatmesdans
Means not sharing the same letter(s) with in eaatinen, are significantly different at 0.05 level mfobability
according to the proper analysis of variance (ANQVA



Table 5. Effect of NAA, GA3 and calcium nitrate smme chemical fruit characteristics of
"Le Conte" pear trees during 2012 2083 seasons

TSS/ acid rati itami Total %
TSS (%) Acidity (%) acid ratio VitamnC otal sugar (%)
Treatments (mg/ 100 ml juice)
2012 2013 2012 2013
2012 2013 2012 2013 2012 2013
Control 11.60a 11.50 a 0.46 d 0.47 25.22 & 24.47| 20.37c 2145c 751a 7.62 8
NAA at 50 mg/I 11.50a 11.60 a 048cd 049¢ 23968 24.29 a 20.84c 21.76 ¢ 7.48 a 7.61p
NAA at 100 mg/I 11.70a 11.80 & 047qd 048¢ 2489 | 24.58a 21.65c 22.48c 752a 7.60@
GA; at 50 mgl/l 11.60a 11708 050hc 0.51)c 23.20?&22.94ab 24.86 b 25.21b 7.42a 7.58 A
GA; at 100 mg/l 11.50a 11604 053b 054@b 21.70b21.48b 27.46b 28.36 a 7.40a 7574
Calcium nitrate 0.5 % 11.50a 11.60 @ 0.56 @ 0.55 &20.54 ¢ 20.73 b 27.35b 28.46 a 7.46 a 7.58a
Calcium nitrate 1 % 11.60a 11.50 0.58 a 0.57ja .00 20.18 b 30.17 a 30.75a 7.40a 7.52|a
Least significant difference (LSD) at 0.05 % lewélsignificance was used to compare the treatmesdns
Means not sharing the same letter(s) with in eaattinen, are significantly different at 0.05 level mfobability
according to the proper analysis of variance (ANQVA
Table 6. Effect of NAA, GA3 and calcium nitrate some leaf minerals of "Le Conte" pear
trees during 2012 and 2013 seasons
Nitrogen (%) Phosphours (%) Potassium (%) Calcium (%) Magnesium (%)
2012 2013 2012 2013
Treatments 2012 2013 2012 2013 2012 2013
Control 1.86¢e 1.92f 0.34d 0.35¢ 138a 142a 478 150d 0.39d 0.38¢
NAA at 50 mg/| 1.92d 198e 0.38 bc 0.40b 1.36[ald.38 bc| 1.50 de 154d 0.40 cd 0.39
NAA at 100 mg/l 207¢ 2.14c 0.45a 0.46 a 1.34fah.35bc| 1.55¢ 1.60c 0.41bcd]  0.40
GA; at 50 mg/l 2.22b 2.37b 0.37¢ 0.39b 137  awm) 1.48e 151d 0.43 be 0.42 Hc
GA; at 100 mg/l 242a 254a 0.44a 0.45a 1.36ab37Hc | 152cd 153d 0.46 ab 0.45 3b
Calcium nitrate 0.5 % 1.94d 20le 0.37c 0.38b| .35Ab | 1.39abh 167b 1.73b 0.48 a 0.46 [ab
Calcium nitrate 1 % 2.03¢c 2.07d 0.40 b 0.41b 2h3 | 1.35¢c 180a 191a 049 a 0.48 a

Least significant difference (LSD) at 0.05 % lew€Ekignificance was used to compare the treatmesains:

Means not sharing the same letter(s) with in eablnen, are significantly different at 0.05 levelgrbbability
according to the proper analysis of variance (ANQVA



