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ABSTRACT

Growth characters, tree nutritional status, fruit set %, June drop %, yield and fruit quality of Valencia orange trees in
response to spraying salicylic acid at 0.0 to 400 ppm either applied once at growth start or twice at growth start and again
just after fruit setting were investigated during 2012 /2013 and 2013/ 2014 seasons.

Spraying salicylic acid at 100 to 400 ppm once or twice considerably improved all growth characters , leaf pigments,
N, P, K, Mg and Ca percentages, initial fruit set %, fruit retention %, yield and fruit quality over the check treatment. All
salicylic acid treatments effectively reduced June drop. Using salicylic acid at 400 ppm once or twice caused a significant
reduction on all the aforementioned parameters comparing with using salicylic acid at 100 to 200 ppm. Two sprays of
salicylic acid were preferable than using it once in this connection.

Treating Valencia orange trees twice at growth start and just after fruit set with salicylic acid at 200 ppm was

responsible for promoting yield and fruit quality.
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INTRODUCTION

Recently, many trials were accomplished for
promoting yield and fruit quality of Valencia orange
trees grown successfully under Middle Egypt
conditions by using non- traditional horticultural
practices such as application of salicylic acid. Ding
et al., (2001); Ding and Wang (2003) and Hayat and
Ahmed (2007) found that salicylic acid was
responsible for protecting the plants from all
stresses and retarding reactive oxygen forms that
destroyed the plant cells. They found that treating
the trees with salicylic acid was very effective in
enhancing metabolism of plants and the biosynthesis
of all organic food. Using salicylic acid at 50 to 400
ppm once, twice, or three times was very effective
in improving growth, yield and fruit quality in most
evergreen fruit crops (Ahmed, 2011; Abd El-
Rahman and El- Masry, 2012; Ahmed et al., 2014
and 2015a & b, Omar, 2015 and Abd El- Mageed,
2015).

The target of this study was examining the
impact of spraying different concentrations and
frequencies of salicylic acid on growth, tree
nutritional status, fruit set %, June fruit drop %,
yield and fruit quality of Valencia orange trees.

Recently, many trials were accomplished for
promoting yield and fruit quality of Valencia orange
trees grown successfully under Middle Egypt
conditions by using non- traditional horticultural
practices such as application of salicylic acid. Ding
et al., (2001); Ding and Wang (2003) and Hayat and
Ahmed (2007) found that salicylic acid was
responsible for protecting the plants from all

stresses and retarding reactive oxygen forms that
destroyed the plant cells. They found that treating
the trees with salicylic acid was very effective in
enhancing metabolism of plants and the biosynthesis
of all organic food. Using salicylic acid at 50 to 400
ppm once, twice, or three times was very effective
in improving growth, yield and fruit quality in most
evergreen fruit crops (Ahmed, 2011; Abd El-
Rahman and El- Masry, 2012; Ahmed et al., 2014
and 2015a & b, Omar, 2015 and Abd El- Mageed,
2015).

The target of this study was examining the
impact of spraying different concentrations and
frequencies of salicylic acid on growth, tree
nutritional status, fruit set %, June fruit drop %,
yield and fruit quality of Valencia orange trees.

MATERIALS AND METHODS

This study was carried out during 2012/ 2013
and 2013/ 2014 seasons on twenty one uniform and
similar in vigour 15- years old Valencia orange trees
onto sour orange rootstock. The selected trees were
grown in a private citrus orchard located at Abo
Saleh Island near Bany Suef city, Bany Suef
governorate. The trees were planted at 6x6 meters
apart. The texture of the soil was silty clay with a
water table not less than two meters deep. Surface
irrigation system was carried out using Nile water.
The selected trees were subjected to the normal
horticultural practices that already applied in the
orchard.

This experiment included the following seven
treatments:
1-Control (untreated trees).
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2-Spraying salicylic acid at 100 ppm once at growth
start (1* week of Mar.)

3-Spraying salicylic acid at 200 ppm once at growth
start (1" week of Mar.)

4-Spraying salicylic acid at 400 ppm once at growth
start (1* week of Mar.)

5-Spraying salicylic acid at 100 ppm twice at
growth start (1* week of Mar.) and again just
after fruit set ( 1* week of May).

6-Spraying salicylic acid at 200 ppm twice as

mentioned in treatment 5.
7-Spraying salicylic acid at 400 ppm twice as

mentioned in treatment 5.

Each treatment was replicated three times, one
tree per each. The assigned amounts of salicylic acid
were solubilized in ethyl alcohol and pH of the
solution was adjusted to 6.0 by using 1.0 N sodium
hydroxide. Triton B as a wetting agent at 0.05 %
was added to all salicylic acid solutions.
Randomized complete block design was followed.

During  both  seasons, the following
measurements were carried out.
1-Some vegetative growth characters namely shoot

length(cm), shoot thickness (cm) and leaf area

(cm)* (Ahmed and Morsy, 1999) in the Spring

growth cycle.
2-Leaf pigments namely chlorophylls a & b, total

chlorophylls and total carotenoids (as mg/ 100 g

F.W.) (Hiscox and Isralstam, 1979).
3-Percentages of N, P, K, Mg and Ca in the leaves

of non fruiting shoots in the spring growth

cycle (Summer, 1985 and Wilde et al., 1985).
4-Percentages of initial fruit setting, June fruit

dropping and fruit retention
5-Yield expressed in weight / tree (kg.) and number

of fruits / tree.
6-Physical characters of the fruits namely weight

(g.), volume (cm’), height and diameter (cm) of

fruit, percentages of fruit peel weight and pulp

and fruit peel thickness(cm).
7-Chemical characteristics of the fruits namely

T.S.S. %, total acidity % ( as g citric acid/ 100

ml juice., total and reducing sugars % and

vitamin C ( as mg / 100 ml juice, (Lane and

Eynon 1965 and A.O.A.C., 2000).

Statistical analysis was done using new
L.S.D. at 5% for making all comparisons among the
seven treatments means (Mead et al., 1993).

RESULTS AND DISCUSSION.
1- Growth characters:

Data in Table(1) revealed that spraying salicylic
acid at 100 to 400 ppm once at growth start or twice
at growth start and just after fruit set significantly
stimulated shoot length and thickness and leaf area
relative to the control treatment. The promotion was
significantly associated with increasing
concentrations from 0.0 to 200 ppm. A significant
reduction on such three growth characters was
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observed with increasing concentration from 200 to
400 ppm. Carrying out two sprays of salicylic acid
at 100 to 400 ppm was significantly superior than
using it once in stimulating all growth characters
The maximum values were recorded on the trees
that received two sprays of salicylic acid at 200
ppm. The vice versa was obtained on untreated
trees. These results were true during both seasons.

2- Pigments and nutrients in the leaves:

It is clear form the obtained data in Tables (1&
2) that chlorophylls a & b, total chlorophylls, total
carotenoids as well as percentages of N, P, K, Mg
and Ca in the leaves were significantly enhanced in
response to foliar application of salicylic acid at 100
to 400 ppm once or twice rather than the check
treatment. There was a gradual and significant
promotion on these plant pigments and nutrients
with increasing concentrations from 0.0 to 200 ppm.
Increasing concentration from 200 to 400 ppm
caused a significant reduction in these values. Two
applications of salicylic acid at the named
concentrations significantly enhanced these plant
pigments and nutrients rather than using one spray.
Treating Valencia orange trees twice with salicylic
acid at 200 ppm gave the greatest values. The lowest
values were recorded on untreated trees. These
results were true during both seasons.

3- Percentages of initial fruit setting, fruit
retention and June drop.

It is noticed from the data in Table (3) that
carrying out one or two sprays of salicylic acid at
100 to 400 ppm significantly was accompanied with
improving the percentages of initial fruit set and
fruit retention and reducing the percentage of June
drop over the check treatment. The effect was
significantly depended on increasing concentrations
from 0.0 to 200 ppm. Using salicylic acid at 400
ppm was significantly associated with reducing
percentages of initial fruit set and fruit retention and
increasing the percentages of June drop over the
application of salicylic acid at 100 to 200 ppm .
Application of salicylic acid twice at the
prementioned concentrations significantly was
preferable than using it once in improving initial
fruit set and fruit retention and reducing June drop.
A significant reduction on initial fruit set and fruit
retention and promotion in June drop were observed
with increasing salicylic acid concentration from
200 to 400 ppm regardless the frequencies of
application. The maximum values of initial fruit set
(6.3 & 6.9 %), and fruit retention (1.38 & 1.39% )
were recorded on the trees that received two sprays
of salicylic acid at 200 ppm. Under such promised
treatment, the lowest June drop values (0.5 and 1.0
%) were recorded. The untreated trees produced the
lowest values of initial fruit set (2.7 & 3.8 %) and
fruit retention
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Table 1: Effect of different concentrations and frequencies of salicylic acid spraying on some vegetative growth characters and chlorophylls a, b and total
chlorophylls in the leaves of Valencia orange trees during 2012/2013, 2013/ 2014 seasons.

Salicylic 5 Chlorophylls a Chlorophylls b Total chlorophylls
acid (SA) Shoot length (cm.) Shoot thickness (cm.) Leaf area (cm) (ng/ 100 g F.W.) (mg/ 100 g F.W.) (mg/ 100 g F.W.)
treatment 2012/2013 2013/2014 201272013 2013/2014 2012/2013 2013/2014 2012/2013 2013/2014 2012/2013 2013/2014 2012/2013 2013/2014
Control 5.8 5.7 0.12 0.12 26.1 27.9 6.9 7.0 2.1 2.0 9.0 9.0
(SA at 0.0
ppm)

SA at 100 6.5 6.1 0.16 0.17 26.8 28.3 75 7.5 25 2.6 10.0 10.1
ppm once

SA at 200 7.2 6.7 0.21 0.23 27.9 29.3 8.2 8.3 2.9 3.0 11.1 11.3
ppm once

SA at 400 6.4 6.1 0.17 0.16 26.6 28.7 77 7.8 2.6 2.4 10.3 10.2
ppm once

SA at 100 A2 6.8 0.21 0.23 28.0 30.0 8.4 8.5 3.0 3.1 11.4 11.6
ppm twice

SA at 200 7.5 7.4 0.27 0.28 29.2 31.0 9.0 9.1 33 3.5 12.3 12.6
ppm twice

SA at 400 6.8 6.4 0.21 0.19 27.7 29.9 8.4 8.4 3.0 287 11.4 11.1
ppm twice

New 0.3 0.3 0.05 0.04 0.3 0.3 03 03 0.2 0.2 0.3 03
L.S.D.

at 5%
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Table 2: Effect of different concentrations and frequencies of salicylic acid spraying on the total carotenoids as well as N, P, K, Mg and Ca in the leaves of
Vaulencia orange trees during 2012/2013, 2013/ 2014
Salicylic Total carotenoids

acid (SA) (mg/ 100 g F.W.) N % P % K% Mg % Ca %
treatment 201272013 201372014 2012/2013_2013/2014_ 2012/2013__2013/2014__2012/2013__2013/2014__ 2012/2013__ 20132014 2012/2013__ 2013/2014
Control 1.22 1.25 1.60 1.61 0.15 0.16 1.16 1.14 051 0.49 2.14 2.11
(SA at 0.0

ppm)

SA at 100 1.31 1.34 1.70 1.71 0.18 0.19 1.23 1.23 0.55 0.56 2.27 2.30
ppm once

SA at 200 1.45 1.48 1.81 1.81 0.21 0.22 1.34 1.35 0.60 0.61 2.40 3.43
ﬁva once

SA at 400 1.28 1.31 1.75 1.76 0.18 0.19 1.28 1.29 0.54 0.55 2.30 2.33
HuHua once

SA at 100 1.50 1.53 1.93 194 0.23 024 1.34 1.40 0.70 0.71 2.50 2.52
ppm twice

SA at 200 1.62 1.66 1.99 2.00 0.26 027 1.37 145 076 0.75 2.61 2.64
ppm twice

SA at 400 135 1.37 193 194 024 024 131 1.39 0.73 074 2.54 2.53
ppm twice

New 0.06 0.06 0.06 0.05 0.02 0.02 0.05 0.05 0.03 0.03 0.07 0.06
LSD. at

5%

Table 3: Effect of different concentrations and frequencies of salicylic acid spraying on the percentages of initial fruit setting, June dropping and fruit retention of
Valencia orange trees during 2012/2013, 2013/ 2014 seasons.

Salicylic acid (SA) treatment Initial fruit set% June drop % Fruit retention % Number of fruits / tree Yield/ tree (kg.)
2012/2013 2013/2014 2012/2013 2013/2014 2012/2013  2013/2014 2012/2013 2013/2014 2012/2013  2013/2014

Control (SA at 0.0 ppm) 2.7 3.8 1.1 1.4 1,18 1.15 301.6 3016 38.6 38.0
SA at 100 ppm once 4.8 4.9 0.9 1.1 1.25 1.21 358.8 3534 47.0 47.0
SA at 200 ppm once 5.9 5.7 0.7 1.0 1.33 1.27 344.7 345.3 48.6 49.0
SA at 400 ppm once 4.3 4.1 0.9 1.2 1.21 1.22 328.2 309.7 43.0 41.5
SA at 100 ppm twice 5.7 5.4 0.7 1.1 1.33 1.31 347.2 346.2 50.0 49.5
SA at 200 ppm twice 6.3 6.9 Q.5 1.0 1.38 1.39 342.1 368.8 52.0 52.5
SA at 400 ppm twice 4.8 4.5 0.90 1.4 1.26 1.27 318.4 3254 44.9 43.6
New L.S.D. at 5% 0.4 04 0.2 0.2 0.05 0.05 6.1 4.9 1.0 1.1
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Table 4: Effect of different concentrations and frequencies of salicylic acid spraying on physical characters of the fruits of Valencia orange trees during 2012/2013,
2013/ 2014 seasons.

Salicylic Fruit weight (g.) Fruit size (cm?®) Fruit height (cm) Fruit diameter (cm.) Fruit peel weight % Fruit pulp %

acid (SA) 2012/2013 2013/2014 2012/2013 2013/2014 2012/2013 2013/2014 2012/2013 2013/2014 2012/2013 2013/2014 2012/2013 2013/2014
treatment

Control 128.0 126.0 122.9 127.0 597 5.96 6.00 6.01 33.9 34.0 66.1 66.0
(SA at 0.0
ppm)

SA at 100 131.0 133.0 131.8 133.7 6.15 6.18 6.17 6.21 32.1 32.0 67.9 68.0
ppm once

SA at 200 141.0 1419 142.0 143.0 6.30 6.32 6.35 6.34 31.0 309 69.0 69.1
ppm once

SA at 400 131.0 134.0 131.6 134.7 6.10 6.12 6.13 6.14 32.3 31.9 67.7 68.1
ppm once

SA at 100 144.0 143.0 144.7 143.8 6.33 6.35 6.36 6.38 30.1 29.9 69.9 70.1
ppm twice

SA at 200 152.0 141.9 152.9 143.0 6.44 6.46 6.47 6.38 29.0 28.1 71.0 719
ppm twice

SA at 400 141.0 138.0 1419 138.8 6.30 6.31 6.34 6.34 30.3 29.3 69.7 70.7
ppm twice

New 8.1 8.0 6.9 7.0 0.05 0.06 0.04 Q.05 0.9 4.9 1.0 0.9
LSD. at
5%
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Table 5: Effect of different concentrations and frequencies of salicylic acid spraying on physical and chemical characteristics in the fruits of Valencia orange trees
during 2012/2013, 2013/ 2014 seusons.

MM“MW_N Fruit umom“.”.w:n_nnmmm T.S.S. % Total acidity % Total sugars % Reducing sugars % H.Ww..u.weo:mﬁﬂmuw
treatment _2012/2013__2013/2014__2012/2013__2013/2014__2012/2013__2013/2014__2012/2013__2013/2014__2012/2013_2013/2014__2012/2013_ 2013/2014
Control 0.36 0.37 2.1 110 1513 1.488 9.1 0.4 3.66 3.70 25.0 249
(SA at 0.0

ppm)

SA a1 100 0.33 033 12.9 128 1.485 1.460 %6 101 3.76 3.80 a7.9 a8.0
Pppm once

SA at 200 030 031 133 1342 1.460 1.430 100 105 3.86 3.90 503 505
Ppm once

SA a1 400 0.33 032 3.0 131 1486 1.455 9.7 102 3.79 383 483 a85
Pppm once

SA at 100 0.27 0.28 13.9 141 1.420 1.395 105 11 2.00 2.05 52.9 53.0
pPpm twice

SA a1 200 0.24 0.24 143 145 1.385 1.360 111 115 a.19 224 55.0 55.1
PP twice

SA at 400 0.27 0.28 14.0 142 1410 1.385 107 2 a1 2.16 53.0 53.1
pPpm twice

New 0.03 0.03 02 02 0.022 0.024 03 03 0.04 0.04 13 14
1.S.ID. at

5%
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(1.18 and 1.15 %) and the highest June drop (1.1 &
1.4 %) during 2013 % 2014 seasons, respectively.
These results were true during both seasons.

4- Yield/ tree:

Yield expressed in weight (kg.) and number of
fruits / tree as shown in Table (3) was significantly
improved owing to using salicylic acid once or
twice at 100 to 400 ppm comparing to the check
treatment. The promotion on the yield expressed in
weight was significantly related to increasing
concentrations of salicylic acid from 0.0 to 200
ppm. A significant reduction in the yield expressed
in weight and number of fruits/ tree was observed
with increasing concentration of salicylic acid form
200 to 400 ppm regardless the number of sprays.
Using salicylic acid twice significantly was
preferable in improving the yield than using it once.
The maximum values of yield (52.0 & 52.5 kg)
during both seasons, respectively, were recorded on
the trees that received two sprays of salicylic acid at
200 ppm. The untreated trees produced the
minimum values (36.6 & 38.0 kg) during both
seasons, respectively. The percentages of increase in
the yield due to using the promised treatment over
the check treatment reached 34.7 and 38.2 % during
2012/2013 and 2013/2014 seasons, respectively.
These results were true during both seasons.

5- Fruit quality:

It is clear from the data in Tables (4 & 5) that
treating Valencia orange trees once or twice with
salicylic acid at 100 to 400 significantly was very
effective in improving fruit quality in terms of
increasing weight, size, height and diameter of fruit
, pulp %, T.S.S.%, total and reducing sugars % and
vitamin C content and reducing fruit peel weight %,
fruit peel thickness and total acidity % over the
control treatment. Increasing concentrations form
200 to 400 ppm regardless the frequencies of
application had undesirable effects on fruit quality.
The best results were obtained due to carrying out
two sprays of salicylic acid when compared with
using one spray. Significant differences for all
quality parameters were observed among all
salicylic acid concentrations. The best results were
obtained due to treating the trees twice with salicylic
acid at 200 ppm. Untreating the trees with salicylic
acid gave worst effects on the fruit quality. These
results were true during both seasons.

The beneficial effects of salicylic acid on
stimulating growth characters might be attributed to
its essential roles in enhancing cell division and the
biosynthesis of organic foods and plant pigments
(Hayat and Ahmed, 2007). The beneficial effects of
salicylic acid on plant metabolism and uptake and
translocation of nutrients (Ding et al, 2001) could
result in enhancing plant pigments and different
nutrients. The outstanding positive action of
salicylic acid on enhancing C/N in favour of
enhancing flowering as well as the tolerance of

plants to all stresses as well as its effects on
reducing June drop could explain its effects on
enhancing initial fruit set and fruit retention (Ding
and Wang, 2003). The promoting effect of salicylic
acid on improving initial fruit set and fruit retention
as well as reducing June drop could interprete its
positive action on the yield. The promoting effect of
salicylic acid on the biosynthesis and translocation
of plant pigments and Mg could explain the positive
action of it on fruit quality.

These results are in agreement with those
obtained by Ahmed (2011); Abd El- Rahman and
El- Masry (2012); Ahmed et al., (2014), (2015a &
b); Omar (2015) and Abd El-Mageed (2015) on
different evergreen fruit crops.

CONCLUSION
The best results with regard to yield and fruit
quality of Valencia orange trees were obtained due
to treating the trees twice at growth start and again
just after fruit set with salicylic acid 200 ppm.
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