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ABSTRACT

Growth, nutritional status of the trees, colouration %, yield as well as physical and chemical characters
of Anna apple fruits in response to foliar application of salicylic acid (SA) once, twice, thrice or four times
at 50, 100, 200 or 400 ppm were examined during 2009 and 2010 seasons. Results showed that varying
concentrations (50 to 400 ppm) and frequencies (1, 2, 3 or 4 times) of SA had a substantial effect on all the
investigated parameters comparing with non-application. There was a gradual promotion on the leaf area,
nutrients (N, P, K and Mg), colouration % as well as yield and all quality parameters with increasing
concentrations (from 50 to 400 ppm) and frequencies (from once to four times) of SA. Meaningless promotion
on these measurements was noticed among the higher two concentrations (200 and 400 ppm) and frequencies
(three or four times) of SA. In sandy saline soil, supplying Anna apple trees via foliage with salicylic acid
three times (at growth start, just after fruit setting and at 14 days later) with salicylic acid at 200 ppm gave
an economical yield, hastened colouration and improved fruit quality. Such promising treatment gave a net
profit of 7000 and 7800 Egyptian pounds per feddan over the check treatment in both seasons, respectively.
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Introduction

Any attempts made to improve yield and quality of Anna apple trees growing under Minia region are
appreciated. Yield and fruiting of such apple cv. were adversely affected with drought and salinity stress under
sandy saline conditions. Therefore, the idea for using SA was arised.

Salicylic acid (SA) (from Latin Salix willow tree, from the back of which the substance is obtained) is
widely used in organic synthesis and function as a plant hormone. It is derived from the metabolism of salicin.
It had the formula C6H4 (OH) COOH (C7H6O3). It is a phenolic phytohormone and is found in plants with role
in plant growth, development, photosynthesis, transpiration as well as uptake and transport of nutrients. SA
also induces specific changes in leaf anatomy and chloroplast structure. It is involved in endogenous signaling
mediating in plant defense against pathogens. It plays a role in the resistance to pathogens by inducing the
production of pathogenesis-related proteins. It is involved in the systemic acquired resistance in which a
pathogenic attack on one part of the plant induces resistance in other parts. The signal can also move to nearby
plants by SA being converted to the volatile ester namely methyl salicylate. It is biosynthesized from the amino
acid phenylalanine (Hayat and Ahmed, 2007; Taiz and Zeiger, 2002 and Van Huijsduijnen, 2009).

Early studies have described flower-inducing effects related to inhibiting or enhancing of ethylene synthesis
(depends on concentrations) (Leslie and Romani, 1986 and 1988; Srivastava and Dwivedi, 2000 and Zgang,
et al., 2003) and its involvement in heat production in plants (Raskin et al., 1989). SA may affect the uptake
of sugars and amino acids by indirect inhibition of the plasma membrane (Bourbouloux et al., 1998).

Salicylic acid (SA) is an endogenous growth regulator of phenolic nature, which participates in the
regulation of physiological processes in plants. It plays an important role in the plant response to adverse
environmental conditions such as salinity. Meanwhile, soil salinity is a major constraint to food production
because it limits crop yield and restricts use of land previously uncultivated. The SA plays an essential role
in preventing oxidative damage in plants by detoxifying super oxide radicals, produced as a result of salinity.
A review was highlighted the exogenous application of the lower concentrations of salicylic acid proved to
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be beneficial in enhancing the photosynthesis growth and various other physiological and biochemical
characteristics of plants. Based on the morphology of the plants and parameters investigation, it was concluded
that SA tolerant plant, made quicker response to a biotic stresses (Lee et al., 1995, Pal et al., 2002 and Joseph
et al., 2010).

Using salicylic acid was very effective in improving yield as well as physical and chemical characters of
fruits in different fruit crops (Ahmed and Abd El-Hameed, 2004; Ibrahim-Asmaa, 2006; Imran et al., 2007,
Abd El-Kariem, 2008 and Ahmed et al., 2010).

The target of this study was examining the effect of the antioxidant salicylic acid (SA) on counteracting
the adverse effects of drought and soil salinity on yield and fruit quality of Anna apple trees grown in sandy
soil.

Materials and methods

This study was carried out during 2009 and 2010 seasons on uniform in vigour ten-year old Anna apple
trees budded on MM 106 rootstock and grown in a private apple orchard situated at West Samalout, Minia
Governorate. The texture of the soil is sandy (EC. 2500 ppm). Dorset Golden and Ein shemir apple trees were
additionally planted beside Anna apple trees and distributed at the proportion of four rows from Anna apple
trees per one row of the two pollinizers (namely Dorset Golden and Ein shemir apples) to secure cross
pollination with the assistance of two hives of honey bees per fed. The chosen trees were spaced at 3.5 × 3.5
meters apart. Surface irrigation system was followed.

The present experiment included the following treatments:-
1- Control (unsprayed trees with salicylic acid and sprayed with water).
2- One spray of salicylic acid (SA) at 50 ppm.
3- One spray of SA at 100 ppm.
4- One spray of SA at 200 ppm.
5- One spray of SA at 400 ppm.
6- Two sprays of SA at 50 ppm.
7- Two sprays of SA at 100 ppm.
8- Two sprays of SA at 200 ppm.
9- Two sprays of SA at 400 ppm.
10- Three sprays of SA at 50 ppm.
11- Three sprays of SA at 100 ppm.
12- Three sprays of SA at 200 ppm.
13- Three sprays of SA at 400 ppm.
14- Four sprays of SA at 50 ppm.
15- Four sprays of SA at 100 ppm.
16- Four sprays of SA at 200 ppm.
17- Four sprays of SA at 400 ppm.

Each treatment was replicated three times, one tree per each. A complete randomized block design was
followed. Salicylic acid (SA) at 50 to 400 ppm was sprayed once (at growth start), twice (at growth start&
just after fruit setting), thrice (at the pervious two dates and at two weeks later) and four times (at the three
previous dates and at two weeks later). Concentrations of SA i.e 50, 100, 200 and 400 ppm were prepared by
weighing 1.0, 2.0, 4.0 and 8.0 g. SA per 20 L., respectively. The assigned amount of SA was dissolved in
ethyl alcohol before use. Triton B as a wetting agent was added to all SA solutions before spraying. All the
selected trees were sprayed until runoff (10 L/tree). Other horticultural practices were carried out as usual.

Samples of twenty leaves from the middle part of the current shoots (according to Chuntanaparb &
Cummings, 1991) were selected at random from each tree (1st week of July) to measure their leaf area (cm2)
(according to Ahmed and Morsy, 1999) and to determine their content from N, P, K and Mg by different
methods (according to Wilde et al., 1985). Determination of the leaf content of N, P and K (as percentages)
was carried out on a dry weight basis. Colouration % was measured just before harvesting by counting the
number of red fruits, then expressed as a percentage of the whole number of fruits existed on the tree.

Yield of each tree was recorded at harvesting time (2nd week of July) as weight in kg. Samples consisting
of ten fruits were randomly taken from each tree for determination of fruit weight (g) total soluble solids %,
total and reducing sugars % (A.O.A.C, 1995) and total acidity% (expressed as g. malic acid/ 100 g. pulp). All
the obtained data were tabulated and statistically analyzed according to Mead et al., (1993). The differences
between various treatment means were tested by using new L.S.D parameter.
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Results and discussion

Effect of Concentrations and Frequencies of Sa on the Leaf Area and its Content of N,P, K and Mg.:

It is clear from the obtained data from Table (1) and Figures (1 & 2) that spraying SA once, twice, thrice
and four times at 50 to 400 ppm significantly was very effective in stimulating the leaf area and percentages
of N, P, K and Mg in the leaf comparing with unspraying with SA of Anna apple trees growing under sandy
saline soil. The promotion on these parameters was associated with increasing frequencies from once to four
times and concentrations from 50 to 400 ppm of SA. Increasing concentrations from 200 to 400 ppm as well
as frequencies from three to four times have no significant increase on the leaf area and its content of these
nutrients. Treating Anna apple trees growing under sandy salnizd soil four times with SA at 400 ppm gave
the maximum values. The great variation on growth and nutritional status in the treated trees with SA at
different concentrations comparing the check treatment confirmed the alleviating effects of soil and water
salinity on growth and nutritional status of the trees. These results were true during 2009 and 2010 seasons.
The promoting effect of SA on the leaf area was attributed to its important roles on activating cell division
and the biosynthesis of organic foods. The effect of SA on enhancing the availability and movement of
nutrients (Raskin, 1992 a) could result in stimulating different nutrients in the leaves. These results are in
agreement with those obtained by Ibrahim-Asmaa (2006) and Abd El-Kariem (2008).

Table 1: Effect of concentrations and frequencies of Salicylic acid (SA) on the leaf area (cm2) and percentages of N, P, K, and Mg in
the leaves of Anna apple trees during 2009 and 2010 seasons.

Concentrations Leaf area (cm2) Leaf N % Leaf P % Leaf K % Leaf Mg%
and frequencies ---------------------- ------------------------- ------------------------ ------------------------ -------------------------
of Salicylic 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
acid (SA)
Control 50.1 52.6 1.79 1.94 0.16 0.18 1.84 1.95 0.41 0.47
One spray at
50 ppm 51.1 54 1.87 2 0.2 0.2 1.91 2.02 0.45 0.52
100 ppm 51.7 55 1.95 2.1 0.23 0.22 1.98 2.1 0.48 0.56
200 ppm 52.9 56.9 1.99 2.18 0.25 0.25 2.05 2.18 0.52 0.61
400 ppm 53 57 2 2.2 0.25 0.25 2.06 2.2 0.53 0.61
Two sprays at   
50 ppm 53 57 2 2.2 0.25 0.25 2.05 2.2 0.52 0.61
100 ppm 54 58 2.06 2.29 0.29 0.28 2.11 2.27 0.55 0.65
200 ppm 56.9 59.3 2.14 2.39 0.33 0.31 2.18 2.34 0.58 0.69
400 ppm 57 59.5 2.15 2.4 0.34 0.32 2.2 2.4 0.58 0.7
Three sprays at
50 ppm 56 59 2.15 2.4 0.33 0.35 2.18 2.34 0.58 0.7
100 ppm 57.3 60 2.22 2.46 0.36 0.38 2.26 2.4 0.62 0.74
200 ppm 59 60.9 2.3 2.52 0.39 0.4 2.32 2.45 0.66 0.78
400 ppm 59 61 2.31 2.52 0.4 0.4 2.33 2.46 0.7 0.79
Four sprays at  
50 ppm 56.3 59.3 2.16 2.41 0.34 0.36 2.19 2.35 0.59 0.71
100 ppm 57.5 60.9 2.23 2.47 0.36 0.39 2.27 2.4 0.62 0.75
200 ppm 59.2 61 2.3 2.52 0.39 0.4 2.33 2.45 0.66 0.79
400 ppm 59.2 61.5 2.31 2.52 0.4 0.4 2.34 2.46 0.71 0.8
L.S.D. at 5 % 0.5 0.6 0.04 0.04 0.02 0.02 0.05 0.06 0.03 0.03

Fig. 1: Effect of concentration and frequencies of salicylic acid on the leaf area (cm2) of Anna apple trees
during 2009 and 2010 seasons.
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Fig. 2: Effect of concentration and frequencies of salicylic acid on percentage of N in the leaves of Anna
apple trees during 2009 and 2010 seasons.

Effect of Concentrations and Frequencies of Sa on Colouration %.

It is clear from the obtained data (Table 2) and Figure (3) that varying concentrations and frequencies of
SA was significantly accompanied with altering colouration %. It was significantly enhanced with using SA
at various concentrations and frequencies rather than non-application. The promotion on colouration % was
significantly in proportional to increasing concentrations and frequencies of SA. Increasing concentrations (from
200 to 400 ppm) and frequencies (from three to fours sprays) of SA failed to show significant effect on this
character. Treating Anna apple trees four times with SA at 400 ppm gave the highest value. These results were
true during both seasons. The beneficial effect of SA on enhancing the biosynthesis of sugars and plant
pigments surly reflected on hastening colouration of fruits (Raskin, 1992 b). These results are in coincidence
with those obtained by Ibrahim-Asmaa (2006) and Abd El-Kariem (2008).

Table 2: Effect of concentrations and frequencies of Salicylic acid (SA) on colouration %, yield/tree (kg)  and fruit weight (g) of Anna
apple trees during 2009 and 2010 seasons.

Concentrations and Fruit weight (g) Yield / tree (kg) Colouration %
frequencies of --------------------------------- ---------------------------------- -------------------------------------
Salicylic acid (SA) 2009 2010 2009 2010 2009 2010
Control 63 64.9 32 36 101 103
One spray at 50 ppm 65 66.9 34 37.2 103 105
100 ppm 66 69 35.5 39 105.2 106.9
200 ppm 69 71.3 37 40.6 106.6 108.2
400 ppm 69 71.4 37 40.7 107 108.3
Two sprays at 50 ppm 69 69 36 39 106.6 108.5
100 ppm 72 71 37.6 40.3 108 110
200 ppm 75 73.5 39 42 109.9 111.9
400 ppm 75 74 39 42 110 112
Three sprays at 50 ppm 75 74 38 43.3 110 112
100 ppm 77 76 39.3 45 111.9 113.7
200 ppm 79 78 41 46.5 113.3 115.2
400 ppm 79.3 78.2 41 47 113.5 115.3
Four sprays at 50 ppm 75.5 75 38 44 110 112.3
100 ppm 77.2 76 40 45 112 113.8
200 ppm 79.3 78 41 47 113.4 115.3
400 ppm 79.5 78 41 47.5 113.6 115.4
L.S.D. at 5 % 1.5 1.6 1.1 1.2 1.1 1.2

Effect of Concentrations and Frequencies of Sa on the Yield/tree and Fruit Weight:

Data in Table (2) and Figure (4 & 5) obviously reveal that supplying Anna apple trees growing under
saline sandy soil via foliage with SA at 50 to 400 ppm either once, twice, thrice or four times succeeded
significantly in improving the yield and fruit weight comparing with check treatment. There was a progressive
promotion on the yield with increasing concentrations (from 50 to 400 ppm) and frequencies of SA (from once
to four times). Meaningless promotion on the yield was observed among the higher two concentrations (200
and 400 ppm) and frequencies (three or four times), therefore it is suggested to use SA at 200 ppm three times
from an economical point of view. Spraying SA three times at 200 ppm produced yield reached 41.0 and 46.5
kg compared with 32.0 and 36.0 kg produced by untreated tree. The percentage of increase on the yield in
response to application of the promising treatment reached 28.1 and 29.1 % over the check treatment during
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both seasons, respectively. These findings emphasized the counteracting effect of SA on the production of the
trees which appeared on the great differences on yield among the treated and untreated trees. The same trend
was observed during 2009 and 2010 seasons. The stimulating effect of SA on growth and nutritional status
of the trees in favour of producing good balance between C/N could reflect on improving the yield. These
results are in coincidence with those obtained by Ibrahim-Asmaa (2006) and Ahmed et al., (2010).

Fig. 3: Effect of concentrations and frequencies of salicylic acid on colouration % of Anna apple trees during
2009 and 2010 seasons.

Fig. 4: Effect of concentrations and frequencies of salicylic acid on yield/tree (kg) of Anna app;e trees during
2009 and 2010 seasons.

Fig. 5: Effect of concentrations and frequencies of salicylic acid on fruit weight (g) of Anna apple trees
during 2009 and 2010 seasons.

Effect of Concentrations and Frequencies of Sa on Chemical Characters of Fruits:

It is evident from the data in Table (3) and Figures (6) that using SA once, twice, thrice or four times
at 50 to 400 ppm significantly was followed by improving fruit quality in terms of increasing total soluble
solids %, total and reducing sugars % and decreasing total acidity % comparing with the check treatment. The
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promotion was associated with increasing concentrations and frequencies of SA. Negligible stimulation on fruit
quality was observed among the higher two concentrations (200 and 400 ppm) and frequencies (three or four
times) of SA. The best results were obtained when the trees sprayed with SA three times at 0.2 %.
Unfavourable effects on fruit quality were recorded on untreated trees. The promotion on quality of SA was
ascribed to its effect in alleviating the adverse effects of salinity on plant metabolism of the tress under sandy
saline soil conditions. These results were true during 2009 and 2010 seasons.

The beneficial effect of SA on enhancing the biosynthesis and translocation of sugars and plant pigments
could explain the present results (Raskin, 1992 a). The results of Abd El-Kariem (2008) and Ahmed et al.,
(2010) confirmed these results.

As a conclusion, for improving yield quantitively and qualitatively of Anna apple trees growing under
sandy saline soil, it is advised to spray SA at 200 ppm. three times (at growth start, just after fruit setting and
at two weeks later).

Table 3: Effect of concentrations and frequencies of Salicylic acid (SA) on percentages of total soluble solids, total and reducing sugars
and total acidity in the fruits of Anna apple trees during 2009 and 2010 seasons.

Concentrations and Total acidity % Reducing sugars % Total sugars % T.S.S %
frequencies of --------------------------- -------------------------- ---------------------------- --------------------------------
Salicylic acid (SA) 2009 2010 2009 2010 2009 2010 2009 2010
Control 13.2 13.3 9.9 9.8 6.8 6.9 0.616 0.61
One spray at 50 ppm 13.1 13.1 10.5 10.3 7.1 7.2 0.58 0.586
100 ppm 13.4 13.4 11 11 7.4 7.5 0.559 0.563
200 ppm 13.6 13.8 11.9 11.7 7.6 7.9 0.53 0.562
400 ppm 13.6 13.9 12 11.8 7.6 8 0.53 0.53
Two sprays at 50 ppm 13.3 13.5 12 11.9 7.6 7.9 0.53 0.496
100 ppm 13.6 13.7 12.5 12.5 7.9 8.2 0.499 0.46
200 ppm 13.9 14 13.1 13.2 8.3 8.5 0.468 0.429
400 ppm 14 14 13.2 13.3 9 8.5 0.468 0.428
Three sprays at 50 ppm 13.5 13.8 13 13 8.3 8.2 0.468 0.429
100 ppm 13.9 14 13.9 13.6 9.9 8.5 0.43 0.399
200 ppm 14.1 14.3 14.5 14.3 10.5 8.8 0.399 0.36
400 ppm 14.1 14.3 14.6 14.4 10.6 8.9 0.399 0.328
Four sprays at 50 ppm 13.5 13.8 13 13 8.4 8.2 0.464 0.429
100 ppm 14 14 14 13.7 10 8.6 0.429 0.399
200 ppm 14.1 14.4 14.6 14.3 10.5 8.8 0.397 0.36
400 ppm 14.1 14.4 14.6 14.5 10.6 9 0.395 0.328
L.S.D. at 5 % 0.2 0.2 0.5 0.5 0.2 0.2 0.021 0.022

Fig. 6: Effect of concentrations and frequencies of salicylic acid on percentage of total soluble solid in the
fruit of Anna apple trees during 2009 and 2010 seasons.
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