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Effect of Chitosan, Salicylic Acid and Fulvic Acid on Vegetative
Growth, Yield and Fruit Quality of Thompson Seedless Grapevines
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Viticulture Department, Horticulture Research Institute, Agricultural Research Centre, Cairo,
Egypt.

HIS STUDY was achieved out during two successive seasons (2015 & 2016) The

experiment was conducted on 16-year-old Thompson seedless grapevines. The vines were
grown in a clay soil under surface irrigation system. Three material namely Chitosan, Salicylic
acid and Fulvic acid applied at rate (500 ppm) were used as a spray application either single or
in combination of them on the vine for three times, at growth start, one week after berry set and
at veraison as an attempt to develop growth, berry quality and enhancement storage shelf life
period of Thompson seedless grapevines.

The Results appeared that single applications of Chitosan ,Salicylic acid and Fulvic acid
or in combination of them were effective in improving shoot length, leaf surface area, total
chlorophyll in the leaf and total protein in the canes in addition percentages of N, P and K
in the leaves as well as enhancing yield per vine, cluster weight, berry weight, soluble solids
content and total phenols while reducing total acidity, cluster weight loss% ,berry shatter %
and berry decay% and total loss in cluster weight percentages during storage shelf life period.
Also, enhanced berry adherence strength as compared with control in both seasons of study.
Application of Chitosan + Salicylic acid + Fulvic acid was superior to using applications of
Chitosan, Salicylic acid and Fulvic acid alone. In addition, the best results with regard to net
profit of Thompson seedless grapevines were obtained when vines were sprayed with salicylic
acid + fulvic acid.

Keywords: Grapevines, Thompson, Chitosan, Salicylic acid, Fulvic acid, storage, growth and
chemical propertie.

Introduction

Grape (Vitis vinifera, L.) is considered the first
fruit yield in both area and production all over
the world. In Egypt it is the second main fruit
after citrus. Thompson seedless grape is very
important grape cultivar grown in Egypt. It is one
of the most delicious, refreshing and nourishing
subtropical fruits. The berries are a good source of
minerals and vitamins (B1, B2 and C). The berries
are consumed in fresh forms as a table fruit and in
the processed form as wine, raisin and fresh juice.
Thompson seedless is gaining more popularity
both as table purpose and raisin making because
of its high total soluble solids, thin skin and
desired shape

Chitosan coating on caller fresh fruits can
provide modified atmosphere storage and decrease
quality changes through control of the internal
gas composition of the fruits. The coating offers a
protective barrier against bacterial contamination

and moisture transfer to extend the shelf life
Ghasemnezhad et al. (2013).

Jiang and Li (2001) reported that chitosan
coatings help to reduce transpiration and control
weight loss to slow down ripening and expand
shelf life by controlling respiration rate and
ethylene production. Also,Adwiger (2013) should
that the agricultural and horticultural uses for
chitosan, primarily for plant defense and yield
increase, are based on how this glucosamine
polymer influences the biochemistry and
molecular biology of the plant cell. Recently,
some researchers reported that chitosan enhanced
plant development such as Shehata et al. (2012),
Shiri et al. (2013) and Wafaa et al. (2014).

Hayat and Ahmad (2007) reported that
Salicylic acid is a phenolic phytohormone and
is found in plants with roles in plant growth and
development, photosynthesis, ion uptake and
transport. Salicylic acid also stimulate induces
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specific ~ modifications changes in leaf and
chloroplast structure. Vlot et al. (2009) revealed
that salicylic acid is considered as a secondary
plant hormone because of its role in regulating
some aspects of disease resistance in plants.
Hayat et al. (2010) found that salicylic acid was
responsible for protecting the plants from all
stresses and retarding reactive oxygen forms
that destroyed the plant cells. Also, 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 400 ppm three times
was high very effective in amendment growth,
yield and fruit quality in most evergreen fruit
crops Ahmed, (2011), Abd El- Rahman & El-
Masry,( 2012) and Ahmed et al., (2014).

Fulvic acid is very effective because of
its least molecular weight, it has necessary
and capacity to readily bond minerals and
elements into its molecular structure causing
them resolve and be become mobilized fulvic
complexes, Fulvic acid usually loads 70 or
more mineral and effect elements as bit of
its molecular complexes, Aiken et al. (1985)
reported that Fulvic acids are key ingredients
of enhance quality foliar fertilizers. As they can
help the permeation to the plant parts, stimulate
the absorption uptake of mineral from plant
surfaces into plant tissues.

Once applied to leaves, fulvic acid bearer
transport trace minerals directly to metabolic
locations inside plant cells. Subsequently, foliar
spray using at specific plant growth stages,
containing mineral chelated can be used as
a primary technique for maximizing plants
productive capacity Chen et al. (2004).

The target of this study is to improve vegetative
growth, yield, quality and storage of Thompson
seedless grapevines by using Chitosan, salicylic
acid and fulvic acid.

Materials and Methods

This investigation was carried out during
successive seasons (2015 and 2016) in a private
vineyard at El-deer village, Aga, Dakahlia
Governorate, Egypt. The experiment was
conducted on sixteen years old Thompson
seedless grapevines. Vines were cultivated
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at 2 x 2 m. in a clay soil as cleared in Table 1
under surface irrigation system. The vines were
trained cane under three wires trellis system.
During January of each experimental season, the
tested vines were pruned to 6 canes with 12 eyes
each along with 6 renewal spurs. The total bud
load was 84 buds. Seventy two vines uniform in
vigor as possible were chosen for this study, all
vines received the same cultural managements
recommended by ministry of agriculture. The
experiment consisted of eight treatments arranged
in a randomized complete blocks design, each
treatment include three replicates, each made of
three vines.

TABLE 1. Mechanical and chemical analysis of the
experimental soil at the depth of (0-90 cm).

Clay (%) 49.15

Silt (%) 25.69
Mechanical

Sand (%) 25.16

Texture Clay

O.M. (%) 2.0

pH 7.9

E.C.( 1:5 extract) (Mmhos/cm) 0.61
Chemical Ca Co3 (%) 1.83

N (ppm) 36

P (ppm) 13

K (ppm) 279

Three materials such as Chitosan a mostly
deacetylated  B-(1-4)-linked  D-glucosamine
polymer, Salicylic acid C_H O, and Fulvic acid

77673
(Fulvic acid 60% +Potassium 1.0% )were foliar

applied at rate (500 ppm) on the vine for three
times, at growth start, one week after fruit set and
at version. Treatments applied as follow:

* Control spraying with (tap water)

* Spraying with chitosan

* Spraying with salicylic acid

* Spraying with fulvic acid

* Spraying with chitosan + fulvic acid

* Spraying with chitosan + salicylic acid

* Spraying with salicylic acid + fulvic acid
* Spraying with chitosan + fulvic acid +

salicylic acid
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The following characteristics were determined
Vegetative growth parameters
Vegetative growth parameters were taken from
non bearing shoots and determined at two weeks
after fruit set (after the second spray) as follows:

Measurements during vegetative growth
Average shoots length (cm)

Shoot length was calculated by measuring the
rate length of 4 shoots / vine (shoot from each side)

Average leaf area (cm?/leaf)

Representative sample of four mature leaves
per each treated vine (6" or 7")leaf from the top
of the same previous shoots) that were taken from
the different vine sides and used for leaf surface
area measurements according to the following
equation Montero et al. (2000):

Leaf surface area (cm?/leaf) = 0.587 (L x W)

Where, L = Length of leaf blade, W = Width
of leaf blade

Total Chlorophyll content in the leaves

Sixth and seventh leaves from the tip of the
growing shoots were used for the determination
of total chlorophyll content in the leaves at two
weeks after fruit set according to the methods
described by Mackinny (1941) total chlorophyll
was calculated as mg/g fresh weight.

N, P and K, content in the leaves

Two weeks after fruit set, samples of 20 leaf
petioles per each replicate were taken from leaves
opposite to cluster were used for the determination
of N, P, and K content according to the methods
described by Cottenie et al. (1982).

Total proteins in the canes

Total proteins were extracted in by Dure and
Chlan (1981) and Oster et al. (1992). Protein
content was determined spectro photometrically
at 595nm according to Bradford (1976) and results
were expressed as g/ 100 g dry weight of the canes

Yield

At harvesting time when SSC % of berries
reached about 16-17 % in control, six clusters /
vine were weighted and the average cluster
weight was multiplied by number of clusters/vine
to calculation average yield/vine.

Physical and Chemical properties
A sample of 6 clusters / vine was taken to

determine:

» Average cluster weight (g) and average of 100
berry weight (g).

* Soluble solids content (SSC %) was determined
by using hand refractometer.

* Total acidity (g tartaric acid/ 100 ml of juice)
percentage was measured according to the
methods described by A.O.A.C. (1980).

» Total phenols in the berries (mg/100g D.W)
were determined according to the methods
described by (Malick and Singh, 1980).

Storage parameters at shelf life period

Fruits form treatment were picked at harvest
date and immediately taken to the laboratory
to sort and picked in carton boxes (3 kg grapes
each) three replicate of nine samples from
every treatment were taken to be held at room
temperature (20-25°C and 50-70 % RH).
Samples were examined at 3 days interval to be
objected the following determinations:
* Soluble solids content (SSC %)
* Total acidity(g tartaric acid/ 100 ml of juice)

o Cluster weight loss percentages
Cluster weight loss% =

Initial cluster — final cluster weight %100

Initial clusters weight
* Berry shatters percentages

Weight of shatter

e 77 x100
Initial Cluster weight

Berries shattering % =

Berry decay

Berry decay % = Weight of decayed berries

Initial Cluster weight

* Total loss in cluster weight percentages

Total loss in cluster weight percentage was
calculated by adding the percentage of loss in
cluster weight, berry shatter and decayed berries.

* Berry adherence strength g/cm by using shatilons
instrument .

Statistical analysis

The randomized complete blocks design was
adopted for the experiment. The statistical analysis
of the studying data was carried out according
to Snedecor and Chocran (1980). Averages were
compared using the Duncan’s values at 5% level.

Egypt. J. Hort. Vol. 44, No. 1 (2017)
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Results and Discussion

Shoot length, leaf surface area and total
chlorophyll in the leaves

It is clear from the obtained data in Table 2 that
spraying Thompson seedless grapevines with
fulvic acid individually (T4) increased shoot
length, leaf surface area, and total chlorophyll
in leaves as compared with chitosan (T2) and
salicylic acid (T3) respectively, in both seasons of
study. The data also showed that the combination
of chitosan + fulvic acid + salicylic acid (T8 )
recorded the highest significant values of shoot
length (170 cm and 178.3 cm), leaf area (161 and
169 cm?) and total chlorophyll in leaves)14.8 and
15.05 mg/g in leaves) as compared with control
during both seasons .While, the control treatment
(T1) recorded the lowest values (138.63 and
142 c¢m) for shoot length, (137.3 and 145.3 cm?)
for leaf area, (11.76 and 12.09 mg/g) for total
chlorophyll, in 2015 and 2016 respectively.

The data in Table 2 were in line with those
reported by El-Boray et al. (2015) revealed that
the treatment of fulvic acid induced indispensable
positive effects for enhancing vegetative growth,
total chlorophyll content, of Superior grapevines.
Also, Maha (2016) showed that the total chlorophyll
content was increased by salicylic acid spraying
and there was a significant difference in total
chlorophyll content associated with all treatments
compared with the control. Furthermore, Shehata
et al. (2012) found that using of chitosan recorded
the highest vegetative growth parameters.

The beneficial effect of fulvic acid on shoot
length, leaf area, and total chlorophyll in leaves
could be to fulvic acid is effective because of
its least molecular weight, it has necessary and
capacity to readily bond minerals and elements
into its molecular structure causing them resolve
and be mobilized fulvic complexes, Fulvic acid
usually loads carries 70 or more mineral and
effect elements as bit of its molecular complexes,
Aiken et al. (1985). Also, Chen et al. (2004)
reported that fulvic acid are key ingredients of
high quality foliar spray fertilizers. As they can
help the penetration to the plant parts, stimulate
the uptake of elements from plant surfaces into
plant tissues. Hayat and Ahmad (2007) showed
Salicylic acid is a phenolic phytohormone and
is found in plants with roles in plant growth and
improvement ,photosynthesis, ion uptake and
transport. Salicylic acid also stimulate specific
modifications in leaf and chloroplast structure.

Egypt. J. Hort. Vol. 44, No. 1 (2017)

In addition, Salicylic acid is promote plant
growth regulator of phenolic nature and classified as
a improvement promoter and enhances plant force
under biotic and abiotic stresses Hayat et al. (2010).

(Sheikha & Al-Malki, 2011 and Farouk et
al., 2012) indicated that treatment of chitosan
significantly enhanced photosynthetic pigments
concentration and activated the synthesis of
carotenoids which protect chlorophyll from
oxidation and enhanced chlorophyll content.

N, P. K (%) content in leaf petioles and total
protein in the canes

The concerned data in Table 3 showed that
spraying Thompson seedless grapevines with
chitosan, salicylic acid and fulvic acid alone
enhanced N, P, and K content in leaf petioles as
compared with control. Moreover, the data showed
that the combination of chitosan + salicylic acid +
fulvic acid (T8) recorded the highest significant
values of N, P, and K content in leaf petioles as
compared with control during both seasons. The
N values were (2.02 and 2.10 %), the P values
were (0.57 and 0.59 %) and the K values were
(1.66 and 1.69 %) during 2015 and 2016 seasons,
respectively.

These results were in line with those by Abd El-
Hameed et al. (2014) showed that using the suitable
N through 60 to 80 % inorganic beside Fulvic
acid was very effective in simulating percentages
of N, P and K in the leaves. The positive effect
of fulvic acid could be containing percentage of
potassium help improvement on nutritional status
of the leaves especially potassium which reflected
on enhancing vegetative growth. Rashid (1985)
mentioned that fulvic acid not only has the ability
to transport nutrients through cell membranes,
but also sensitizes cell membranes and various
physiological functions as well. Once applied to
leaves, fulvic acids transport trace minerals directly
to metabolic places within plant cells.

Maha (2016) found that applications
containing salicylic acid improved that N, P and
K of leaves. Also, Sarangthem and Singh (2003)
reported that the foliar applications of salicylic
acid enhanced the content of N, P and K and
nitrate reductive activity. Salicylic acid has been
shown to regulate various aspects of vegetative
growth and development, as well as play key
signaling main in thermogenesis and disease
resistance (Vlot et al., 2009).
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TABLE 2. Effect of Chitosan, salicylic acid and fulvic acid on Leaf area, shoot length and total chlorophyll in
leaves of Thompson seedless grapevines during 2015 and 2016 seasons.

Characteristics Shoot length Leaf area Total chlorophyll

(cm) (cm?) (mg\g F.W.)

Treatments 2015 2016 2015 2016 2015 2016
1 Control (tap water) 138.63 ¢ 142.0¢ 1373 d 1453 ¢ 11.76 g 12.09 f
2 Chitosan 146.63 d 1573 d 1450 ¢ 151.6 d 12.66 f 12.99 e
3 Salicylic acid 15533 ¢ 163.0 cd  150.0 bc  156.0 cd 12.9 ef 13.19 ¢
4 Fulvic acid 160.66 bc  167.0 bc 1543 ab  162.3 bc 13.06 ¢ 1333 ¢

5 Chitosan + Salicylic acid 161.1 be 167.3 bc  150.0 bc  156.0 cd 1343 d 13.70 d
6 Chitosan+ Fulvic acid 167.0 ab 170.6 b 160.0 a 168.0 ab 13.86 ¢ 14.13 ¢

7 Salicylic acid + Fulvic acid ~ 165.0 ab 1733 ab 1543 ab 163.3 ab 14.26 b 1451 b

Chitosan + Salicylic acid +

8 Fulvicacid

170.0 a 1783 a 161.0a 169.0 a 14.8 a 15.05 a

- In a column, figures having the same letter (s) are not significantly different.

TABLE 3. Effect of Chitosan, salicylic acid and fulvic acid on percentages of N, P, K in leaf petioles and protein
of Thompson seedless grapevines during 2015 and 2016 seasons

Characteristics  Leaf N Leaf P Leaf K Protein
(%) (%) %) %)
Treatments 2015 2016 2015 2016 2015 2016 2015 2016
1 Control (tap water) 121g 130f 023e 0.26 f 1.15g 1.2f 1453 ¢ 15.06 d
2 Chitosan 128fg 137e¢f 028e  03lef 125f 13le 150¢ 15.38d
3 Salicylic acid 133f l44e 034d 036de 13le 134e 16.1d 16.39 ¢
4 Fulvic acid 148e¢ 159d 038cd 04cd 1.38d 142d 1673c¢  16.89bc

Chitosan + Salicylic
acid

6  Chitosant Fulvicacid 1.88 b 1.95b 0.49b 0.51b 1.61 ab 1.64ab 175b 17.63 a

1.74c¢  183c 043¢ 0.45c 1.57b 1.61b 16.76 ¢ 17.02b

Salicylic acid + Fulvic

- 163d 174c 043¢  045¢ 147¢ 15¢  1753b  17.64a
.
g  Chitosant Salicylic 202a 209a 057a 059a 1.66a 1.69a 181a  182la

acid + Fulvic acid

- In a column, figures having the same letter (s) are not significantly different.
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Also , the positive effect of chitosan increases
vegetative growth and development which
increased key enzymes activities of nitrogen
metabolism (nitrate reductase and protease) and
enhanced the transportation of nitrogen (N) in
the functional leaves which improved vegetative
growth and development which reflected in
enhancing growth and vine nutritional status
(Gornik et al., 2008).

With respect to protein in the canes data
in Table 3 revealed that all treatments used
significant increased total protein in the canes as
compared with control except chitosan (T2) gave
non significant deference in total protein in the
canes as compared with control during the two
seasons of study. The combination of chitosan
+ fulvic acid + salicylic acid (T8) recorded the
highest significant values of total protein in the
canes (18.1and 18.21 g/100 g d.w) compared with
control during both seasons. While, the control
treatment (T1) gave the lowest values which
recorded (14.53 and 15.06 g/100g d.w) in 2015
and 2016 seasons respectively,

These results are in accordance with those
obtained by Trachevsky et al. (2011) mentioned
that pea plants foliar sprayed with salicylic acid
produced higher protein contents, Sarangthem
and Singh (2003) proved that, the foliar
application of salicylic acid increased the level of
proteins.  Jackson (1993) mentioned that Fulvic
acid increased metabolism of proteins, DNA/
RNA, and Enzymes. Chitosan enhanced protein
which reflected resistance role the defense against
diseases (Iriti and Faoro, 2009).

Yield, cluster weight, 100 berries weight and total
phenols in berries

Data in Table 4 obviously revealed that
spraying Thompson seedless grapevines three
times with Chitosan (T2), salicylic acid (T3) and
fulvic acid alone (T4) improving yield, cluster
weight and berry weight as compared with control
and gave non significant deference between
of them in this respect. Also, the combined
application of chitosan + fulvic acid + salicylic
acid (T8 ) recorded the highest significant values
of yield per vine (10.08 & 10.15 kg/vine) cluster
weight (560.33&577g ) and 100 berries weight
(255 &266g) followed in a descending order
by the treatment of salicylic acid + fulvic acid
(T7) which recorded the values of yield per vine
(9.83& 10.15kg/vine), cluster weight (552.3 &
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565.66 g ) 100 berry weight (240 &258.66 g)
as compared with control during both seasons.
While, the control treatment (T1) gave the lowest
values which recorded yield per vine (8.75 & 8.85
kg/vine), cluster weight (525 & 531.33g (and
berry weight (226.6 & 231g) in 2015 and 2016
seasons respectively,

These results are in agreement with those
reported on El-Boray et al (2015) revealed that foliar
spray fulvic acid promoted irreplaceable positive
effects for enhancing yield, physical characteristics
of cluster and berries of Superior grapevines. Chen
et al. (2004) showed that fulvic acid material have
different effects on plants appeared evidence of
stimulation on plant develops by humic substances
and consequently gave the highest values of yield
by acting on mechanisms involved in: respiration,
photosynthesis, protein synthesis, water, and nutrient
uptake. Marzouk and Kassem (2011) and Ahmed et
al. (2015) found that Cluster and berry weight as well
as vine yield were improved by all sprayed chemicals,
especially, salicylic acid . It is an important secondary
metabolite in grape berries and plays an essential role
in determining berry quality such as colour, berry size
and bitterness Chamkha et al. (2003). Also, Sabreen
et al. (2015) reported that the interaction applications
between N at75 kg/feddan and treatment plants with
chitosan at 0.10g/1 gave the highest values of yield in
summer squash fruits.

The increment in yield per vine and physical
Characteristics of berries could be attribute to
enhancing effect on berry weight as result of
enhancing the nutritional status of the vines
(Table 3) and enhancing leaf surface area and
total chlorophyll in leaves (Table 2) as result
using Chitosan + Fulvic acid + Salicylic.

Regarding total phenols in berries data in Table
4 showed that spraying grapevines three times with
salicylic acid alone (T3) significantly increased
total phenols in berries compared with fulvic
acid (T4) and chitosan (T2) during both seasons.
Also, the combination of Chitosan + fulvic acid +
salicylic acid (T8) recorded the highest significant
values of total phenols in berries) 90.66 and 91.67
mg/100g d.w (as compared with other treatments
during both seasons. On the other hand, the
control treatment (T1) gave the lowest values of
total phenols in berries which recorded (65.60 and
67.58 mg/100g d.w) in 2015 and 2016 seasons,
respectively
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These results are in harmony with those
reported by Maha (2016) who found that
treatments containing salicylic acid improvement
atotal phenols. In addition, Ranjbaran et al. (2011)
and Champa et al. (2015) found that salicylic acid
treatment also enhanced total phenolic content
of berries after the shelf life period .Pan and Liu
(2011) reported that Chemical elicitors, such as
chitosan increase total phenolicsa and flavonoids
after post-harvest treatment in mangos .Phenolic
compounds are the almost berry quality for
grapes and their yield since they confer to berry
color and organoleptic properties such as flavor,
soreness, and astringency, also. in addition to the
aforesaid role as antioxidants Gomez-Cordoves
and Gonzalez-Sanjose (1995).

Storage parameters at shelf life period
SSC % and acidity % on berries

Data in Table 5 clearly indicated that spraying
Thompson seedless grapevines three times with
chitosan, fulvic acid and salicylic acid either
single or combination of them increased SSC %
and reduced acidity % as compared with control
during shelf life period in both seasons of study.
In addition, treating the vines with chitosan
individually (T2) enhanced SSC % and decreased
acidity % compared with fulvic acid (T4) and
salicylic acid (T3) after storage 9 days at shelf life

in both seasons of study. Also, the data showed
that the combination of chitosan + fulvic acid +
salicylic acid (T8) gave in both seasons not only
the highest significantly values in SSC) 21.8 and
22.8% (but also, the lowest total acidity (0.37
and 0.35 %) after storage 9 days at shelf life as
compared with other treatments during shelf life
period in both seasons of study. While, the control
treatment (T1) gave the lowest values of SSC %
which recorded (20.13 and 20.3 %) and gave the
highest values of total acidity (0.59 and 0.58 %)
after storage 9 days at shelf life in 2015 and 2016
seasons, respectively

These results are in line with those reported
by Meng et al (2008) and Ghasemnezhad et
al (2013) they found chitosan increase in total
soluble solids (TSS) and decreased titratable
acidity during storage.

The beneficial affect of chitosan, fulvic acid
and salicylic on enhancing chemical properties
of the berries may be interpreted to its role in
achieving a good balance between vegetative
growth and fruiting through nutrients availability
which is reflected its turn on increasing the
accumulation of total carbohydrate and resulting
the stimulation of ripening. Li et al. (1999) and
Champa et al. (2015).

TABLE 4. Effect of Chitosan, salicylic acid and fulvic acid on yield, cluster weight, berry weight and total phe-
nols in berries of Thompson seedless grapevines during 2015 and 2016 seasons.

" —
Characteristics Yield Cluster weight 100 berry weight Total phenols

(Kg./vine) (g) (g) (mg/100g D.W)

Treatments
2015 2016 2015 2016 2015 2016 2015 2016
1 Control (tap water) 875 ¢ 885d 5250e 5313e 226.6¢ 231.0f 6560g 6758¢g
2 Chitosan 946 b 956 be 531.3de 5403d 236.6cd 2450de 73.73e 7543 e
3 Salicylic acid 932 b 952 ¢ 5287de 5387de 230.0de 241.0 ¢ 82.63d 83.68d
4 Fulvic acid 945 b 945 ¢ 5353cd 5470cd  2363cd 2473 cd 7037f 72.08f
5 Sg‘;"sa“ T Salieylic o ¢4 971abe 5400c  5500c  237.0cd 2517c  87.58b  $8.24b
6 Chitosan+ Fulvic acid 9.76 ab 9.89 ab  550.0b 553.5¢ 247.6ab 258.7b 752 ¢ 76.99 ¢
7 Salicylic acid + 983ab 997ab 5523b  565.7b 240.0bc 258.7b  84.45c 8547c
Fulvic acid

g Chitosant Salicylic 060 10150 560332 577.0a  2550a  2660a 90.66a 91.67a

acid + Fulvic acid

- In a column, figures having the same letter (s) are not significantly different.
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Cluster weight loss , berry shatter and berry
decay percentages.

Data in Table 6 clearly show that spraying
Thompson seedless grapevines three times with
chitosan, fulvic acid and salicylic acid either
single or combination of them significantly gave
the lowest values of cluster weight loss%, berry
shatter % and berry decay % compared with
control during shelf life period in both seasons of
study. Also, the combination of chitosan + fulvic
acid + salicylic acid (T8) gave the lowest values of
cluster weight loss (19 and 18.32 %) berry shatter
percentages (5.88 and 5.75% ) and berry decay
(6.17 and 5.95 %) after storage 9 days at shelf life
as compared with other treatments during in 2015
and 2016 seasons of study. While, the control
treatment (T1) gave the highest values in cluster
weight loss% (22.5 and 22% ), berry shatter (7.05
and 7.02 %) and berry decay (8.80 and 8.56 %)
percentages after storage 9 days at shelf life in
2015 and 2016 seasons of study, respectively.

The beneficial affect of chitosan on decreasing
weight loss, berry decay and berry shatter may
be the covering offers a protective barrier against
bacterial contamination and moisture transfer to
extend the shelf life. Other researchers mentioned
that chitosan coatings help to reduce transpiration
and control weight loss to retard ripening and
extend shelf life by controlling respiration average
and ethylene production Jiang and Li, (2001).

These results were in line by Romanazzi
(2010) reported that application of chitosan
covering inhibited respiration average of grapes
varieties  and strawberries. Also, Chitosan
covering on fresh berries can expand modified
atmosphere storage and reduce quality changes
through control of the internal gas composition of
the fruits.

Also, Zheng et al. (2003) showed that
salicylic acid as produces free radical which bans
normal respiration and salicylic acid can also
reduce respiration average and berry weight loss
by stoma closing. Champa et al. (2015) found
that reducing the rate of berry softening reduced,
decay incidence and enzymatic activity of pectin
and membrane electrolyte leakage.

Bassem (2015) showed that salicylic acid
applications at different concentrations were
significantly effective in reducing weight loss,
berry decay and berry shatter during cold storage
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period and shelf life as compared to the control.
In addition, Ranjbaran et al. (2011) found that
the lowest berry shatter was observed in all of
the salicylic acid —treated clusters .Champa et al.
(2015) showed that salicylic acid increased berry
size and reducing the rate of Cluster weight loss,
berry shatter percentages and berry decay

Total loss in cluster weight percentages and berry
adherence strength

It is clear in Table 7 that spraying Thompson
seedless grapevines three times with chitosan,
fulvic acid and salicylic acid either single or
combination of them significantly lowest total
loss in cluster weight as compared with control
during shelf life period in both seasons of study.

The combination of chitosan + fulvic acid
+ salicylic acid (T8) gave the lowest values of
total loss in cluster weight (31.05and30.02 after
storage 9 days at shelf life) as compared with
other treatments during shelf life period in both
seasons of study.

These results are on the same line by Chien et
al. (2007) mentioned that chitosan covering has
been found to be a beneficial part of a strategy
to decrease the weight loss due to by pathogen
isolates that are resistant to currently used
postharvest fungicides. Also, Shiri et al (2013)
reported that chitosan coatings help to reduce
transpiration and control weight loss % and slow
down ripening and extend shelf life by controlling
respiration rate and ethylene production.

Wafaa et al. (2014 ) mentioned that the
present data reveal that 1% chitosan recorded the
lowest significant percentage of fruit weight loss
in both seasons Also, Alijo et al. (2015) showed
that salicylic acid had significant effect on quality
parameters of peach fruits cv. ‘Elberta’ during of
storage period.

Salicylic acid can reduce respiration through
inhibition of ethylene biosynthesis or action
(Srivastava and Dwivedi, 2000). Salicylic acid
also cause decrease respiration rate and fruit
weight loss by closing stomata. Further, a potential
postharvest using preserves fruit quality is the
use of surface coatings. They are usually applied
for fresh berries to provide alternative modified
atmosphere storage by decreasing quality changes
and quantity losses through modification and

control of the internal atmosphere of the singular
individual fruits Park (1999).

With respect to berry adherence strength data
in Table 7 revealed that berry adherence strength
significant increase when applied different
spraying grapevines with chitosan, fulvic acid
and salicylic acid as compared with control during
shelf life period the two seasons of study.

Also, the combination of chitosan + fulvic
acid + salicylic acid (T8) significantly recorded
the highest values of berry adherence strength
(265 and 269.6 gm /cm after storage 9 days at
shelf life) compared with other treatments during
both seasons. While, the control treatment (T1)
gave the lowest values of berry adherence strength
(148.3 and 150.6 gm /cm after storage 9 days at
shelf life), in both seasons, respectively.

These results are in agreement with those
reported by Marzouk and Kassem (2011) found
that Berry adherence strength increased and the
percentage of unmarketable berries decreased by
all sprayed compounds especially, salicylic acid,
except ethylene . In addition, Wafaa et al. (2014)
found that treated 1% chitosan gave the highest
significant berry adherence compared with the
other treatments. Champa et al. (2015) mentioned
that salicylic acid improved berry physicochemical
properties at harvest and extended the postharvest
life of table grape cv. Flame Seedless

Also, Nevine, Taha and EI-Ghany (2016)
found that Calbor and Inca + Humic acid
application decreased less total loss weight for
9 weeks, while Humic acid and CPPU + Calbor
application caused less fruit weight loss for 6
weeks of storage.

The economic study

It is clear from the obtained data in Table 8 that
spraying chitosan, fulvic acid and salicylic acid
either alone or in combination of them gave the
best net profit/ feddan as compared with control.
Also, the fulvic acid (T4) individually gave the
highest net profit/ feddan as compared with
chitosan (T2) and salicylic acid (T3). In addition,
the treatment of salicylic acid + fulvic acid (T7)
gave the highest values in net profit/feddan as
compared with other treatments which recorded
3180 (L. E.) over control as average two seasons.
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TABLE 8. Economic study on costs and net profit /feddan of Chitosan, salicylic acid and fulvic acid of Thomp-
son seedless grapevines as average for two seasons 2015 and 2016 seasons.

Costs of Treatments Total . Total Net Net profit /
*cultural Yield/ .
. costs / fed. costs / production  profit / fed. over
Treatments practices fed.
/ fed (L.E)) fed. Kg / fed. fed. control
(LE) (L.E.) (L.E.) (L.E.) (L.E.)
1 Control 7200 0 7200 8800 26400 19200 0
(tap water)
2 Chitosan 7200 840 8040 9450 28350 20310 1110
3 Salicylic acid 7200 90 7290 9420 28260 20970 1770
4 Fulvic acid 7200 30 7230 9510 28530 21300 2100
6 Chitosan + 7200 930 8130 9660 28980 20850 1650
Salicylic acid
5 Ch‘tOSZ‘C‘LF‘ﬂV‘C 7200 870 8070 9825 20475 21405 2205
7 Salicylic acid + 7200 120 7320 9900 29700 22380 3180
Fulvic acid
Chitosan+
8  Salicylic acid + 7200 960 8160 10115 30345 22185 2985

Fulvic acid

Cultural practices such as (Fertilizers, Pesticides, fungicides, Irrigation and Labour)

- Chitosan (g) 200 x 3doses = 600g =840 (L.E.) / feddan
- Salicylic acid g) 200 x 3doses =450 g =90 (L.E.) / feddan
- Fulvic acid (g) 500 x 3doses = 1500 g = 30(L.E.) /feddan

- One feddan = 1000 vines
- Price/1 kg from Yield =3 (L.E.)

Conclusion

The best results under condition of this
study with regard to vegetative growth, yield,
fruit quality and net profit /feddan of Thompson
seedless grapevines were obtained when the vines
were spraying with salicylic acid + fulvic acid
(T7) and chitosan + fulvic acid + salicylic acid
(T8) at rate (500 ppm) three times at growth start,
one week after fruit set and at veraison
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