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ABSTRACT 

This study was conducted during two growing seasons of 2016 and 

2017 to evaluate the potential effects of different irrigation levels: 30, 50 

and 70% depleted of available soil water (I1, I2 and I3, respectively) after 

fruit set as well as four foliar applications of Control, Silicon spray at 1.5 

g/L, Calcium nitrate at 1 g/L and Amino acids at 2 ml/L (S1, S2, S3 and 

S4, respectively), which started at 15-20 cm of shoot length and the 

second one after fruit set, then these were continuous every two weeks till 

veraison stage on fruit quality and storability of "Thompson seedless" 

(Vitis vinifera L.) grapevines grown in clay soil under flow irrigation 

system in El-Mahalla region Gharbia Governorate.  

The obtained results revealed that, vines irrigated at I1 and I2 

recorded a significant increase in berry physical quality parameters in 

terms of firmness, removal force, berry shatter and chemicals as SSC%, 

acidity and SSC/acid ratio. However, irrigation at I3 recorded the lowest 

percent of cluster weight loss until the end of storage period. Calcium as 

well as silicon sprays, enhanced berry firmness, berry removal force and 

reduced berries shattering at picking date and during the cold storage 

period. Moreover, calcium application was more effective in increasing 

SSC/acid ratio, cluster quality index and marketable cluster percent and 

reducing physiological weight loss during storage. Foliar spray with 

amino acids recorded the highest significant values of SSC% and acidity 

and reduced the decayed berries% at the end of storage period.  

The combination between I1 or I2 irrigation levels and calcium 

spray treatments were more effective in enhancing berry firmness, berry 

removal force, SSC/acid ratio, rachis browning index and marketable 

cluster percent and reduced shattered berries, decayed berries and 

cluster weight loss till 60 days of cold storage.  

Keywords: Irrigation, Silicon, Calcium, Amino acids, Storability, fruit 

quality and Thompson seedless. 
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INTRODUCTION 

Grapevine (Vitis vinifera L.) is the most important fruit crop in the world. 

Good irrigation system is an important agricultural practice thus resulted in 

maintaining good vegetative growth and productivity of grapevines, as 

intensive irrigation leads to slow growth of roots and the emergence of 

symptoms of deficiency of different nutrients as a result of their leaching from 

the rihzo-sphere moreover, excessive water irrigation promotes root rot 

especially under clay soils. On contrary, deficit irrigation water results in 

drought stress that led to reducing of yield, fruit quality (Maughan et at., 2017). 

So there is a great need for more studies to improve the use of water not only to 

achieve sustainable agriculture but also to reduce the loss of irrigation water 

(Martínez-de-Toda and Balda, 2013). Several researchers showed different 

horticultural practices that can help to reduce the amount of irrigation water 

without deterioration effect on vine vigor and berries quality characters, as 

amino acids (Pradeep and Elamathi, 2007), silicon (Meena et al., 2014) and 

calcium (Upadhyaya et al., 2011) applications. 

Recently, the use of natural materials as silicon has been spread to 

replace the chemicals and this substitution is due to increased resistance to the 

pathogenesis of chemical compounds as well as to preserve the environment 

and public health (Dhekney, 2016). Silicon plays an important role in plant 

biology as shown by several researchers (Meunier et al., 2011, Meena et al., 

2014 and Shahidian et al., 2016), where it helps plant mitigating numerous of 

stresses factors as biotic and abiotic stresses. It is also known for enhancing 

drought tolerance of plants through maintaining water balance of plant and 

structure of xylem vessels under high transpiration. Moreover, foliar silicon 

supply on grapes, cucumber, and zucchini squash revealed benefits of this 

element to resistance against disease (Bhavya et al., 2010). Also, silicon plays 

an essential role in influential grape berry quality as color and flavor. 

Moreover, it prevents berries softening by affecting activities of major cell wall 

degrading enzymes such as cellulase, polygalacturonase and xylanase (Jiao-jing 

et al., 2009). Also, foliar application of silicon was effective in enhancing 

different grape berries quality parameters viz., total sugar, reducing sugar, non 

reducing sugars, total soluble solids, acidity, cluster weight loss and decayed 

berries percent during cold storage period (Bhavya et al., 2010). 

Amino acids are known that amino acids have several anti-oxidative 

properties which play an essential role in supporting the plant in mitigate 

oxidative stress under unfavorable conditions. Application of amino acids 

generally enhancing biosynthesis of proteins also delay fruit cells senescence, 

preventing lipids of plasma membrane from oxidation by the free radicals 

which reduced the loss of permeability which retard the incidence of disorders. 
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Moreover, it plays an important role as a stimulator of natural hormones 

biosyntheses like IAA, GA3, cytokinins and ethylene also enzymes and cell 

division these encouraging properties reflected on trees and fruits (Davis, 1982, 

Rai, 2002 and Abdel-Mawgoud et al., 2011). Application of amino acids not 

only enhanced the vegetative growth but also increase yield and maintain the 

fruit quality through improving the biosynthesis of all plant organic matter and 

put forward maximum protection against different stresses factors (Ahmed et 

al., 2011). Amino acids showed a positive effect on some fruits quality during 

storage as reported by Khosroshahi et al. (2007) who concluded that, foliar 

application of polyamines to mango trees enhanced fruit quality through some 

changes in fruit firmness, fruit weight loss, ethylene production, soluble solids 

content, and total titratable acids. Also, exogenously applied of Putrescine 

reduced fruit deterioration and increased the shelf life of lemon (Martínez-

Romero et al., 1999). 

Calcium is considered as an important eliminate for stabilizing cell wall, 

construction of membrane and its functions. This positive effect enhancing fruit 

quality as stated by several researchers (Kluter et al., 2006, and Raese & Drake, 

2008) they reported that, preharvest Ca sprays treatments used to increase Ca 

content of the fruit cell wall were effective in delaying senescence, resulting in 

firmer fruits. Also, Marzouk and Kassem (2011) concluded that, spraying 

calcium chloride on Thompson seedless grapevines was effective in increased 

berries firmness and decreased the percentage of unmarketable clusters after 

storage at ambient temperature for seven days. Moreover, pretreatments of 

these salts are maintaining the quality characteristics of different fruits such as 

grapes, apples and mangoes (Yousefi et al., 2015, Nigro et al., 2006 and Javed 

et al., 2015). Applications of calcium salts including calcium bicarbonates, 

chloride and nitrate are used successfully to replace fungicide in controlling the 

postharvest decays of grape berries (Romanazzi et al., 2012). In this way, Al-

Quarshi and Awad (2015) summarized that, foliar application of calcium 

chloride at 1% and ethanol at 10% on El-Bayadi table grapes was effective in 

reducing the incidence of berries decay.   

Therefore, the present study was conducted to explaining the effect of 

pre-harvest foliar spray with silicon, calcium and amino acids on 'Thompson 

seedless" grapevines grown under different irrigation levels on maintaining 

fruit quality under cold storage condition. 

MATERIALS AND METHODS 

This field experiment was applied during 2016 and 2017 growing 

seasons on ten years old, "Thompson seedless" grapevines (Vitis vinifera L.) 
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established in a private vineyard located at El-Mahalla, Gharbiya Governorate, 

Egypt. Vines were grown at 1.5 x 3 meters in a row and between rows 

respectively, with flow irrigation system. Vines were pruned as cane pruning 

with modified Y shape supporting system. The total buds loads for each vine 

was adjusted to 84 eyes (7 fruiting canes × 10 eyes plus 7 renewal spurs × two 

eyes). Normal cultural practices usually for vine in this area were done. The soil 

physical properties were measured according to (Jackson, 1973 and Klute, 

1986), where soil texture was clay (58% clay, 27% silt and 15% sand), soil pH 

7.8, EC 2.1 dSm
-1

 and water table of soil was about 150cm. This experiment 

was planned to study the effect of irrigation water levels and foliar applications 

of silicon, calcium and amino acids on fruit quality and storability of 

"Thompson seedless" grapevine. The chosen vines were vigor, uniform and 

healthy as possible and arranged in a split plot design as follows.  

The main plots were assigned for three irrigation levels as:  

I1= irrigation at 30% depletion of soil available water (control).  

I2= irrigation at 50% depletion of soil available water.  

I3= irrigation at 70% depletion of soil available water.  

The sub plots were randomly assigned by four foliar sprays as: 

S1= foliar sprays with tap water (control).   

S2= foliar sprays with potassium silicate (SiO2 25% + K2O 10%) at 1.5 ml/l 

S3= foliar sprays with Calcium nitrate (CaO 26% + NO315.5%) at 1.0 g/l. 

S4=foliar sprays with amino acids at 2ml/l (commercial product containing: 

total amino acids 20% + magnesium 8% + sulfur 10.6%).  

The combinations between the two factors resulting twelve treatments (3 

irrigation levels x 4 foliar applications) each treatment replicated three times 

with three vines in each replicate (3 replicate x 3 vines).  

Irrigation treatments 

 Amount of irrigation water applied (WA) for each irrigation treatment 

was determined according to soil moisture content in soil samples taken from 

consecutive depth of 15cm down to depth of 60 cm to reach its field capacity 

before conduct irrigation levels (at depletion of 30, 50 and 70% of AW) with 

4569.6, 2881.8 and 2494.1m
3
/fed/season distributed on 16, 9 and 7 irrigations, 

respectively as shown in Tables (1 and 2).  Submerged orifice with fixed 

dimension was used to convey and measure the amount of water applied 

according to Michael (1978) as the following equation. 

2ghCAQ   

Where:  Q=Discharge through the orifice (L/sec.), C =Coefficient of discharge (0.61), A

 =Cross section area of the orifice, cm
2
, g = Acceleration due to gravity, cm/sec

2
 (981 

                 cm/sec
2
) and h = Pressure head, causing discharge through the orifice, cm 
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Table (1): Some physical characteristics of soil and water constants for the 

studied vineyard at different soil depth (Average of the two 

growing seasons). 

Soil depth (cm) 

Soil water constants 

Field Capacity 

(FC) % 

Permanent Wilting Point  

% 

Available Water 

% 

0 – 15 

15 – 30 

30 – 45 

45 – 60 

47.34 

43.83 

40.45 

37.77 

22.24 

20.34 

19.88 

18.50 

25.10 

23.49 

20.57 

20.27 

Table (2): The amount of irrigation water applied (m
3
/fed.) for different 

irrigation levels during each growing season. 

Irrigation 

treatments 

Irrigation  

No.  

Amount of each 

irrigation water 

m
3
/ fed. 

Water applied (WA) 

m
3
/fed./season 

30% depleted Water 

50% depleted Water 

70% depleted Water 

16 

9 

7 

285.6 

320.2 

356.3 

4569.6 

2881.8 

2494.1 

Irrigation treatments were conducted after one week from fruit set. 

However, the first spray of foliar treatments was started when shoots reached 

15-20cm in length, and the second one was applied after fruit set and then were 

done continuously every two weeks till the veraison stage (4sprays/ season). 

Thompson seedless clusters were harvested after 117 and 120 days of full 

bloom when berries juice SSC reached about 16% in both seasons, 

respectively. At harvesting time, bunches samples were taken at random from 

each replicate and directly transported to the laboratory of Sakha Horticulture 

Research Station, Kafr El-sheikh, Egypt. The clusters were packed in 50 x 30 x 

15cm carton boxes dimensions with slow- release SO2 pads to control decays 

during cold storage. The carton boxes were stored at 1 ºC and 90-95 % RH. All 

treatments were represented by three carton boxes (2kg of clusters per carton 

box as replicate) for every storage period. Three clusters/carton boxes were 

weighted and labeled at picking time to determine the cluster weight loss 

during each cold storage periods. SO2 pads were replaced with a new one every 

two weeks. 

Fruits quality was determined at picking date (zero time of cold storage) 

and after every 15 days intervals up to 60 days of cold storage. Three-carton 

boxes/treatment was taken out to determining the following parameters: 

A. Berry physical quality characters 

 Berry firmness and berry removal force were measured in ten berries per 

cluster using the hand dynamometer apparatus model FDP1000 with a 
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thump 1mm. The two parameters data were transformed into Newton units 

using transformed factor (1gram-force = 0.00980665 Newton).  

 Berry shattering (%) was determined as shattered berries weight percent of 

the cluster after given a two light shakes by hand. 

 Berries decay (%) was expressed as the decayed berries weight percent of 

cluster weight. 

B. Berry chemical characters 

 Berries juice soluble solids content (SSC) % was estimated using the hand 

refractometer apparatus  

 The titratable acidity (%) was determined as mg of tartaric acid equivalent 

using titration by Na OH (0.1N) in 100 ml of berries juice as (A.O.A.C., 

1990).  

 SSC: Acid ratio was calculated using data of SSC % and that of titratable 

acidity data.  

C. Cluster physical characters 

 Cluster weight loss during cold storage (%) was calculated using the three 

labeled clusters of carton boxes according to the following equation:   

Cluster weight loss% = 100
W0

W1 - W0
X  

Where:  W0 = cluster weight at harvesting time, W1= cluster weight after each 

storage periods (15, 30, 45 and 60 days) 

 Rachis browning index during storage was estimated every 15 days of cold 

storage period till 60 days using the scale suggested by Crisisto et al. 

(2002) as follow:  

1=Healthy (no browning found and the pedicels are green), 2=Slight 

(rachis showed browning in pedicels only), 3=Moderate (secondary rachis 

and pedicels showed browning) and 4= Severe (primary, secondary and 

pedicels of rachis completely brown).  

 Marketable clusters (%) were expressed as the percentage of the sound 

cluster weight without any decayed berries after storage in related to the 

initial fresh weight according to the following equation.  

Marketable cluster (%) = (sound cluster weight after storage period/ cluster 

fresh weight before storage) x100 

 Cluster total qualities index (CTQI) calculated according to El-Abbasy 

(2006). This calculated as a sum of the absolute units for the values of 

SSC: acid ratio, marketable clusters (MC), berry firmness (F) and berry 

removal force (RF). The absolute unit of value was calculated by dividing 

the measured parameter value by the highest recorded value for the same 

parameter in the same season. The author supposed that the cluster overall 
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quality index equal: (25 % SSC: acid ratio + 25% (MC) + 25% (F) + 25% 

(RF)/4). 

Statistical analysis 

The experimental design was a split plot and all the collected data were 

statistically analyzed by the analysis of variance as described by Snedecor and 

Cochran (1990). The differences among treatments mean were compared using 

the least significant different L.S.D at 5% level. 

 

RESULTS AND DISCUSSION 

A. Berries physical quality characters  

1. Berry firmness 
Data of Table (3) cleared that, irrigation at 30 and 50% depletion of 

available soil water (I1 and I2) were effective in enhancing berry firmness of 

"Thompson seedless" grape at picking date and throughout all cold storage 

period as compared with the more stress irrigation level (70% depletion of 

available soil water I3) which showed the lower significant values during both 

seasons. Moreover, all foliar spray applications (S2, S3, and S4) enhanced this 

character in a comparison to control at picking date and during cold storage in 

the two seasons. Foliar spray with calcium as well as silicon (S3 and S2) cleared 

the highest significant values at picking date, but only calcium spray showed 

the highest significantly value by the end of the storage period (60 days) in the 

first season. 

These treatments reached the higher values of berry firmness starting 

picking date till the end of storage time without significant between them in the 

second season. This results are in agreement with that of Chaves et al. (2007) 

they concluded that, it can be decrease the amount of water applied by 50% of 

available soil water as deficit irrigation or partial root drying without negative 

effects on yield and even get some gains of berries quality with the two 

grapevine varieties Moscate and Castela throughout three years. Moreover, 

several researchers cleared beneficial effect of calcium (Claudia and Rafael, 

2010), silicon (Meena et al., 2014) and amino acids (Khosroshahi et al., 2007) 

foliar sprays on grape berries firmness under different abiotic (salinity, drought 

and deficit water) stresses. 

Regarding the interaction, it could be noticed that, calcium foliar spray 

(S3) in combined with all irrigated treatments showed significantly higher berry 

firmness at the initial time as well as during all storage periods compared with 

S1 during two seasons. However, the lower values were noticed with the 

interaction between I3 with S1 at picking date and at the end of storage with 

no significant differences between S1 and S2 under the same irrigation level  
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Table (3): Effect of irrigation levels and foliar spray with silicon, calcium and 

amino acids on berry firmness of "Thompson seedless" grapevines 

during cold storage at 1
o
C and RH 90-95% in 2016 and 2017 seasons 

Treatments 

   Berry firmness (Newton)     

2016  2017 

Cold storage periods in days   Cold storage periods in days 

0 15 30 45 60 Mean 0 15 30 45 60 Mean 

Irrigation main effect           

I1 

I2 

I3 
LSD at 5% 

3.36 

3.32 

2.80 

0.47 

3.25 

3.17 

2.63 

0.45 

3.12 

3.06 

2.40 

0.43 

2.93 

2.84 

2.20 

0.41 

2.84 

2.67 

2.04 

0.39 

3.10 

3.01 

2.41 

0.36 

4.58 

4.68 

3.51 

0.53 

4.43 

4.50 

3.33 

0.40 

4.32 

4.41 

3.13 

0.45 

4.15 

4.22 

2.88 

0.45 

3.80 

4.03 

2.68 

0.46 

4.26 

4.37 

3.11 

0.48 

Spray main effect            

          S1 

S2 

S3 

S4 
LSD at 5% 

2.89 

3.28 

3.49 

2.99 

0.274 

2.75 

3.13 

3.33 

2.84 

0.280 

2.60 

2.94 

3.25 

2.64 

0.262 

2.41 

2.74 

3.12 

2.36 

0.271 

2.31 

2.54 

2.98 

2.24 

0.273 

2.59 

2.93 

3.23 

2.61 

0.266 

3.81 

4.54 

4.64 

4.02 

0.252 

3.63 

4.31 

4.53 

3.88 

0.282 

3.48 

4.20 

4.37 

3.76 

0.243 

3.23 

4.00 

4.17 

3.59 

0.252 

2.96 

3.73 

3.90 

3.41 

0.256 

3.42 

4.16 

4.32 

3.73 

0.240 

Interaction             

I1 

 

 

 

I2 

 

 

 

I3 

  S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

3.11 

3.55 

3.64 

3.14 

3.15 

3.44 

3.57 

3.12 

2.41 

2.84 

3.25 

2.71 

3.03 

3.42 

3.54 

3.00 

3.00 

3.32 

3.34 

3.00 

2.22 

2.65 

3.11 

2.53 

2.86 

3.35 

3.47 

2.81 

2.87 

3.21 

3.28 

2.87 

2.08 

2.25 

3.00 

2.25 

2.63 

3.22 

3.37 

2.51 

2.77 

3.01 

3.17 

2.42 

1.84 

2.00 

2.83 

2.14 

2.65 

3.00 

3.30 

2.39 

2.65 

2.81 

3.00 

2.23 

1.63 

1.80 

2.64 

2.10 

2.86 

3.31 

3.46 

2.77 

2.89 

3.16 

3.27 

2.73 

2.04 

2.31 

2.97 

2.35 

4.01 

4.96 

5.03 

4.33 

4.30 

4.89 

4.87 

4.66 

3.13 

3.78 

4.03 

3.08 

3.77 

4.79 

4.91 

4.26 

4.06 

4.71 

4.72 

4.51 

3.06 

3.44 

3.96 

2.87 

3.60 

4.68 

4.83 

4.18 

3.94 

4.62 

4.66 

4.41 

2.91 

3.30 

3.63 

2.69 

3.33 

4.45 

4.72 

4.09 

3.74 

4.34 

4.48 

4.32 

2.61 

3.22 

3.32 

2.35 

2.96 

4.15 

4.22 

3.87 

3.58 

4.04 

4.31 

4.17 

2.35 

3.00 

3.18 

2.20 

3.53 

4.61 

4.74 

4.15 

3.92 

4.52 

4.61 

4.41 

2.81 

3.35 

3.62 

2.64 

LSD at 

5% 

I x S 0.452 0.417 0.430 0.434 0.442 0.423 0.591 0.512 0.504 0.521 0.472 0.414 

Days 0.089  0.102  

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, 
respectively. 
 

in the first season. By the second one, the same trend was noticed with no 

significant differences between foliar spray with S1 and S4 when combined with 

I3 at picking date and thought all storage periods till the end of storage period. 

Similar results are in line with that of Amiri et al. (2009). 

2.   Berry removal force 
Data of Table (4) showed that, vines irrigated control (I1) as well as that 

of I2, showed the higher berry removal force values without differences 

between them, however the lower value was cleared by vines under the I3 level 

of irrigation with highly significant with the others. This trend was true at 

harvesting time and also at the end of storage period in both seasons. As for  

http://www.tandfonline.com/author/Amiri%2C+E+M
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Table(4):Effect of irrigation levels and foliar spray with silicon, calcium and 

amino acids on berry removal force of "Thompson seedless" grapevines 

during cold storage at 1
0
C and RH 90-95% in 2016 and 2017 seasons 

Treatments 

   
Berry removal force 

(Newton) 
    

2016  2017 

Cold storage periods in days   Cold storage periods in days 

0 15 30 45 60 Mean 0 15 30 45 60 Mean 

Irrigation main effect           

I1 

I2 

I3 
LSD at 5% 

4.41 

4.47 

3.36 

0.549 

4.30 

4.26 

3.26 

0.456 

4.21 

4.17 

3.16 

0.425 

4.06 

4.02 

3.07 

0.632 

3.88 

3.91 

2.91 

0.620 

4.17 

4.17 

3.15 

0.650 

4.89 

4.91 

4.58 

0.257 

4.71 

4.73 

4.33 

0.170 

4.55 

4.52 

4.08 

0.210 

4.07 

4.12 

3.57 

0.235 

3.14 

3.27 

2.63 

0.540 

4.27 

4.31 

3.84 

0.620 

Spray main effect           

S1 

S2 

S3 

S4 
LSD at 5% 

3.88 

4.23 

4.22 

3.98 

0.302 

3.81 

3.97 

4.10 

3.88 

0.291 

3.72 

3.86 

4.02 

3.78 

0.284 

3.56 

3.76 

3.92 

3.62 

0.263 

3.35 

3.61 

3.80 

3.50 

0.254 

3.66 

3.88 

4.01 

3.75 

0.233 

4.34 

5.10 

5.16 

4.59 

0.272 

4.06 

4.90 

4.99 

4.41 

0.263 

3.82 

4.74 

4.80 

4.17 

0.223 

3.41 

4.04 

4.49 

3.74 

0.234 

2.65 

2.95 

3.36 

3.08 

0.263 

3.66 

4.35 

4.56 

4.00 

0.372 

Interaction            

I1 

 

 

 

I2 

 

 

 

I3 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

4.17 

4.51 

4.57 

4.37 

4.22 

4.68 

4.62 

4.35 

3.26 

3.49 

3.46 

3.21 

4.13 

4.28 

4.47 

4.30 

4.12 

4.26 

4.46 

4.21 

3.18 

3.37 

3.38 

3.12 

4.03 

4.17 

4.42 

4.20 

4.00 

4.17 

4.37 

4.14 

3.13 

3.23 

3.27 

3.01 

3.82 

4.11 

4.34 

3.95 

3.83 

4.00 

4.24 

4.00 

3.02 

3.17 

3.18 

2.91 

3.62 

3.89 

4.23 

3.77 

3.64 

3.97 

4.16 

3.87 

2.80 

2.96 

3.00 

2.86 

3.95 

4.19 

4.41 

4.12 

3.96 

4.22 

4.37 

4.11 

3.08 

3.24 

3.26 

3.02 

4.57 

5.08 

5.06 

4.85 

4.44 

5.21 

5.25 

4.75 

4.00 

5.01 

5.16 

4.16 

4.45 

4.86 

4.83 

4.68 

4.22 

5.07 

5.13 

4.51 

3.50 

4.78 

5.00 

4.05 

4.22 

4.72 

4.70 

4.55 

4.05 

4.83 

4.88 

4.32 

3.20 

4.66 

4.82 

3.64 

3.77 

3.93 

4.51 

4.08 

3.75 

4.21 

4.51 

4.00 

2.71 

3.98 

4.44 

3.14 

2.93 

2.73 

3.35 

3.53 

2.65 

3.61 

3.40 

3.41 

2.37 

2.51 

3.32 

2.31 

3.99 

4.26 

4.49 

4.34 

3.82 

4.59 

4.63 

4.20 

3.16 

4.19 

4.55 

3.46 

LSD at 

5% 

I x S 0.343 0.242 0.262 0.251 0.252 0.484 1.023 0.542 0.392 0.372 0.291 0.202 

Days 0.327  0.354  

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, 
respectively. 

 

foliar spray applications, vines sprayed with calcium (S3) and silicon (S2) 

showed a significant increase in this character at picking date compared with S1 

during the two seasons and at the end of storage in the first season. The vine 

treated with S3 has recorded the highest significant values of removal force at 

the end of storage during the second season compared with the others. On the 

contrary, but starting 15 days till the end of storage, only vines sprayed with S2 

were reached the significant. On the contrary, the lower berry removal force 

values were recorded by vines of control (S1). This trend was cleared at picking 

date and during all storage periods.  Our findings are in harmony with that of 



 

 

 

 

462                                          SABER BASSIONY   et al.    

Chaves et al. (2007) and  Amiri et al. (2009) they concluded that, Calcium 

foliar spray was reduced berry drops of "Thompson seedless" clusters. 

Moreover, application of calcium chloride improved "Thompson seedless" 

table grape postharvest quality regardless of application methods Claudia and 

Rafael (2010).   

Regarding the interaction, it could be noticed that, vines irrigated at 50% 

depletion of available water (I2) in combined with calcium (S3) as well as 

silicon (S2) foliar sprays showed higher significant values of berry removal 

force at harvesting time but calcium sprays under I1and I2 of irrigation levels 

reached the significant at the end of storage during the first season. As for the 

second season, vines irrigated at the I2 level in combined with S2 or S3 cleared 

the higher significant berry removal force values starting picking date till the 

end of storage periods these combinations did not show any differences. 

The lower values of this character were noticed with vines under 

unsprayed control (S1) combined with all irrigation levels at harvest time and at 

the end of storage period during the two seasons.  I3 of irrigation levels when 

combined with amino acids spray at picking date but, starting 15 days till the 

end of storage, vines of control (S1) under the same irrigation level showed the 

lower values.       

These results are in harmony with that of Liang et al. (2007) and 

Marzouk and Kassem (2011) they concluded that, preharvest Ca sprays 

treatments on "Thompson seedless" grapevines was effective in increase berries 

firmness and decreased the percentage of unmarketable clusters after storage at 

ambient temperature for seven days. 
 

3. Berries shattering % 

Data presented in Table (5) stated that, berries shatter percentages were 

increased as the irrigation water stress increased, where the lowest values were 

recorded with vines irrigated with I1 followed by that of I2, however the highest 

percentage was found with vines of I3 of irrigation level at harvest time and 

during cold storage periods in both season. Concerning foliar applications, data 

of the same Table cleared that, all spray treatments reduced berries shatter 

percent as compared to control especially calcium (S3) and silicon (S2) foliar 

sprays which showed significantly the lowest percentage, this was true at 

picking date and during cold storage in both seasons.  

Regarding the interaction effect, data showed that, vines sprayed with S3 

under irrigation with I1 and I2 levels showed the lower significant values of 

shattered berries at picking as well as at the end of cold storage (60 days) 

during two seasons, respectively.  
 

http://www.tandfonline.com/author/Amiri%2C+E+M
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Table (5): Effect of irrigation levels and foliar spray with silicon, calcium and 

amino acids on berries shattering % of "Thompson seedless" 

grapevines during cold storage at 1
0
C and RH 90-95% in 2016 and 

2017 seasons 

Treatments 

   Berry shattering (%)     

2016  2017 

Cold storage periods in days   Cold storage periods in days 

0 15 30 45 60 Mean 0 15 30 45 60 Mean 

Irrigation main effect           

I1 

I2 

I3 

LSD at 5% 

1.27 

1.31 

2.00 

0.332 

1.55 

1.52 

2.14 

0.312 

1.89 

1.96 

2.43 

0.290 

2.22 

2.31 

2.63 

0.210 

2.63 

2.77 

2.97 

0.150 

1.91 

1.97 

2.43 

0.357 

1.02 

1.04 

1.53 

0.485 

1.35 

1.30 

1.80 

0.320 

1.95 

1.80 

2.24 

0.260 

2.45 

2.11 

2.59 

0.244 

2.92 

2.49 

3.07 

0.334 

1.94 

1.75 

2.24 

0.310 

Spray main effect            

S1 

S2 

S3 

S4 

LSD at 5% 

1.78 

1.40 

1.31 

1.61 

0.543 

1.90 

1.55 

1.73 

1.76 

0.263 

2.39 

1.95 

1.98 

2.05 

0.302 

2.73 

2.18 

2.16 

2.48 

0.181 

3.52 

2.59 

2.34 

2.71 

0.192 

2.46 

1.94 

1.90 

2.12 

0.703 

1.67 

0.94 

0.74 

1.43 

0.703 

1.93 

1.30 

1.14 

1.55 

0.663 

2.39 

1.94 

1.54 

2.10 

0.573 

2.77 

2.23 

2.04 

2.49 

0.591 

3.47 

2.64 

2.33 

2.86 

0.572 

2.44 

1.81 

1.56 

2.09 

0.412 

Interaction             

I1 

 

 

 

I2 

 

 

 

I3 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

1.55 

1.14 

1.02 

1.37 

1.66 

1.21 

1.08 

1.28 

2.14 

1.86 

1.82 

2.19 

1.65 

1.39 

1.58 

1.56 

1.72 

1.33 

1.64 

1.39 

2.32 

1.93 

1.97 

2.32 

2.32 

1.80 

1.80 

1.64 

2.41 

1.85 

1.81 

1.77 

2.45 

2.21 

2.33 

2.73 

2.61 

2.00 

1.98 

2.29 

2.67 

2.29 

1.96 

2.31 

2.90 

2.26 

2.54 

2.83 

3.42 

2.45 

2.13 

2.52 

3.56 

2.65 

2.22 

2.63 

3.58 

2.66 

2.68 

2.97 

2.31 

1.76 

1.70 

1.88 

2.40 

1.87 

1.74 

1.88 

2.68 

2.18 

2.27 

2.61 

1.52 

0.87 

0.50 

1.19 

1.64 

0.72 

0.53 

1.25 

1.85 

1.22 

1.20 

1.85 

2.13 

1.20 

0.75 

1.31 

1.75 

1.21 

0.80 

1.42 

1.90 

1.49 

1.87 

1.93 

2.60 

1.91 

1.25 

2.02 

2.01 

1.92 

1.22 

2.06 

2.57 

2.00 

2.15 

2.22 

3.00 

2.21 

2.10 

2.49 

2.42 

2.11 

1.44 

2.48 

2.88 

2.37 

2.58 

2.51 

3.81 

2.53 

2.38 

2.95 

2.84 

2.41 

1.78 

2.91 

3.75 

2.98 

2.82 

2.73 

2.61 

1.74 

1.40 

1.99 

2.13 

1.67 

1.15 

2.02 

2.59 

2.01 

2.12 

2.25 

LSD at 

5% 

I x S 1.434 1.334 0.983 0.802 0.542 0.241 0.382 0.315 0.326 0.252 0.315 0.324 

Days 0.162  0.198  

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, 
respectively. 

 

Clusters harvested from vines under the I2 irrigation level combined with 

S3 foliar spray showed the lowest significant values at the end of storage period 

compared with all other combination treatments in the two seasons. On the 

contrary, the higher percent of berry shatter was noticed with unsprayed control 

(S1) as well as amino acids (S4) when combined with I3 at harvesting time and 

throughout all storage period in both seasons. The results of berries shattering 

are in agreement with that of Smith et al. (2014) concluded that, calcium foliar 

spray on grapevines resulted in enhancing rachis, petiole measurements and 

reduced berries shattering at harvest. Also, Ramteke et al. (2017) concluded 
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that, calcium nutrient increased cell wall thickness and decreased the formation 

of the abscission layer which leads to reducing shattering. 

4. Berries Decay % 
Data illustrated in Table (6) showed that, vines under all irrigation levels 

(I1 (control), I2 and I3) did not show any effect on berries decay percent at 

picking date and also during cold storage in both seasons of the study. On the 

contrary foliar spray treatments reduced the percentage of berries decay with 

calcium (S3) and silicon (S2) which showed the lowest value at picking date and 

at the end of storage time of both seasons, especially with calcium spray 

application which cleared the lower significant during cold storage compared 

with the others. 

Table (6): Effect of irrigation levels and foliar spray with silicon, calcium and 

amino acids on berries decay % of "Thompson seedless" grapevines 

during cold storage at 1
0
C and RH 90-95% in 2016 and 2017 seasons 

Treatments 

    Berries Decay %     

 2016   2017 

 Cold storage periods in days Cold storage periods in days 

0 15 30 45 60 Mean 0 15 30 45 60 Mean 

Irrigation main effect           

I1 

I2 

I3 
LSD at 5% 

0.00 

0.00 

0.00 

- 

0.75 

0.77 

0.75 

ns 

0.91 

1.00 

1.00 

ns 

1.21 

1.21 

1.14 

ns 

1.70 

1.65 

1.66 

ns 

1.14 

1.16 

1.14 

ns 

0.00 

0.00 

0.00 

- 

0.92 

0.88 

0.80 

ns 

1.02 

0.95 

0.91 

ns 

1.23 

1.07 

1.00 

ns 

1.32 

1.29 

1.15 

ns 

1.12 

1.05 

0.97 

ns 

Irrigation main effect           

S1 

S2 

S3 

S4 
LSD at 5% 

0.00 

0.00 

0.00 

0.00 

- 

1.16 

0.36 

0.37 

1.14 

0.313 

1.29 

1.00 

0.37 

1.22 

0.348 

1.61 

1.16 

0.52 

1.45 

0.389 

2.41 

1.45 

0.79 

2.03 

0.375 

1.62 

1.00 

0.51 

1.46 

0.330 

0.00 

0.00 

0.00 

0.00 

- 

1.18 

0.64 

0.46 

1.19 

0.272 

1.21 

0.76 

0.64 

1.24 

0.289 

1.35 

0.94 

0.79 

1.32 

0.278 

1.51 

1.03 

1.01 

1.45 

0.262 

1.31 

0.84 

0.72 

1.30 

0.270 

Interaction             

I1 

 

 

 

I2 

 

 

 

I3 

 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.14 

0.38 

0.35 

1.12 

1.21 

0.42 

0.29 

1.17 

1.14 

0.28 

0.46 

1.13 

1.38 

0.67 

0.39 

1.21 

1.26 

1.18 

0.35 

1.22 

1.24 

1.16 

0.37 

1.22 

1.95 

0.85 

0.55 

1.48 

1.53 

1.30 

0.54 

1.45 

1.34 

1.33 

0.46 

1.42 

2.46 

1.48 

0.82 

2.02 

2.35 

1.44 

0.76 

2.06 

2.41 

1.43 

0.80 

2.01 

1.73 

0.85 

0.53 

1.46 

1.59 

1.09 

0.49 

1.48 

1.53 

1.05 

0.52 

1.45 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.19 

0.70 

0.62 

1.18 

1.17 

0.68 

0.44 

1.21 

1.17 

0.53 

0.32 

1.17 

1.23 

0.85 

0.76 

1.24 

1.21 

0.73 

0.60 

1.25 

1.19 

0.69 

0.55 

1.22 

1.39 

1.15 

1.00 

1.38 

1.40 

0.85 

0.73 

1.30 

1.27 

0.82 

0.63 

1.29 

1.51 

1.13 

1.14 

1.48 

1.54 

1.01 

1.07 

1.52 

1.47 

0.96 

0.83 

1.35 

1.33 

0.96 

0.88 

1.32 

1.33 

0.82 

0.71 

1.32 

1.28 

0.75 

0.58 

1.26 

LSD at 

5% 

I x S - 0.292 0.171 0.183 0.194 0.252 - 0.192 0.133 0.143 0.134 0.182 

Days  0.145  0.170  

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 
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Concerning interaction data of the same Table (6) cleared that, foliar 

spray with S2 as well as S3 were very effective in reducing berries decay under 

all irrigation levels (I1, I2 and I3) at both harvesting date and during cold 

storage. This trend was true during both seasons, where S3 was more effective 

in combination with I2 in the first season and when combined with the third 

irrigation level (I3) at picking date also during the storage period in the second 

season. These results are in agreement with the findings of Porro et al. (2010) 

and Cabanne and Doneche (2003) they explained that, at ripening, calcium was 

transported from berry flesh to its skin which enhanced berry resistance 

mitigates infection. Also, Porro et al. (2010) cleared that, high Ca levels in 

berries were registered in stressed vines, which indicates the important role of 

Ca in enhancing berry skin thickness. Moreover, Bhavya et al. (2011) reported 

that, foliar silicon supply on grapes showed great benefits as enhancing 

resistance against disease and drought. The positive effect of calcium and 

silicon on reducing decayed berries could be explained as the known role of 

calcium on cell wall, since Ca is involved in maintaining cell wall integrity by 

binding carboxyl groups of polygalacturonate chains, which are present in the 

middle lamella and primary cell wall, also binding of Si with cell-wall 

hemicelluloses which improved structural stability of fruits (Apaolaza, 2014). 

B. Berries chemical characters 

1.      SSC% 
As shown in Figure (1) it could be noticed that, berries juice SSC% 

slightly increased with the progress of storage time. Moreover, vines irrigated 

with I2 recorded the higher percent as compared with control (I1) and I3 at 

picking date and during the storage period of the two study seasons.  

These results are in agreement with those findings by Khosroshahi et al. 

(2007) and Keller et al. (2008) reported that, deficit irrigation levels enhanced 

SSC% of Cabernet Sauvignon berries under an Arid Climate. Also, Opazo et 

al. (2010) concluded that, moderate water stress significant increase in soluble 

solids.  

Regarding foliar spray treatments at Figure (2) it cleared that, berries 

SSC% of vines sprayed with amino acids (S4) cleared the highest significant 

values at harvesting date and during all the storage periods (15, 30, 45 and 60 

days of cold storage). The lowest values were obtained with S1 (water spray) 

starting picking date till the end of storage. However, there were no significant 

differences between silicon (S2) and calcium (S3) sprays till the end of storage. 

This trend was true in both seasons.  

Data established in Table (7) indicated that, SSC% was increased with 

the progress of storage time. The combination of irrigation and foliar spray  
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2016 2017 

Figure (1). Effect of water irrigation levels on berries SSC% of  "Thompson seedless" grape 

during cold storage at 2016 and 2017 seasons 

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     
S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

 

 
2016 2017 

Figure (2): Effect of foliar  spray treatments on berries SSC% of  "Thompson seedless" grape 

during cold storage at 2016 and 2017 seasons 

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

 

treatments were effective in enhancing berries juice SSC%. The vines irrigated 

with I2 combined with amino acids sprays showed the highest significant 

SSC% as compared with the other treatments at picking date as well as 

throughout all storage periods (from 15 till 60 days of cold storage). However, 

the combination between S1 and both I1 and I3 showed the lowest values at 

picking date and during storage period without significant between them during 

the two seasons. S4 treatment recorded the highest values of SSC% with all 

irrigation levels compared with the other treatments at the initial time and end  
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Table (7): Effect of irrigation levels and foliar spray with silicon, calcium and 

amino acids on SSC% of "Thompson seedless" grapevines during 

cold storage at 1
0
C and RH 90-95% in 2016 and 2017 seasons 

Treatments 

    SSC%     

 2016   2017 

 Cold storage periods in days Cold storage periods in days 

0 15 30 45 60 Mean 0 15 30 45 60 Mean 

Irrigation Spray             

I1 

 

 

 

I2 

 

 

 

I3 

 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

16.80 

17.35 

17.40 

17.80 

17.67 

17.73 

17.67 

18.40 

16.80 

17.20 

17.37 

17.80 

16.87 

17.37 

17.43 

17.83 

17.77 

17.75 

17.77 

18.47 

16.83 

17.33 

17.53 

17.87 

16.90 

17.47 

17.60 

18.20 

17.87 

17.77 

17.87 

18.60 

17.00 

17.40 

17.60 

18.00 

17.27 

17.60 

17.65 

18.27 

17.93 

18.27 

18.16 

18.65 

17.27 

17.53 

17.65 

18.13 

17.33 

17.67 

18.27 

18.53 

17.97 

18.47 

18.31 

18.67 

17.33 

17.63 

18.13 

18.27 

17.03 

17.49 

17.67 

18.13 

17.84 

18.00 

17.96 

18.56 

17.05 

17.42 

17.66 

18.01 

16.23 

17.07 

16.93 

17.27 

17.33 

17.20 

17.20 

17.57 

16.23 

16.73 

17.20 

17.30 

16.42 

17.25 

17.18 

17.41 

17.45 

17.27 

17.33 

17.61 

16.42 

16.88 

17.40 

17.43 

16.63 

17.37 

17.32 

17.62 

17.68 

17.42 

17.44 

17.72 

16.66 

17.00 

17.63 

17.68 

16.77 

17.57 

17.52 

17.77 

17.85 

17.68 

17.65 

17.88 

16.82 

17.22 

17.79 

17.81 

16.91 

17.62 

17.73 

17.95 

17.97 

17.85 

17.75 

17.98 

16.97 

17.43 

17.94 

17.98 

16.59 

17.38 

17.34 

17.60 

17.66 

17.48 

17.47 

17.75 

16.62 

17.05 

17.59 

17.64 

LSD at 

5% 

Ix S 0.239 0.221 0.200 0.121 0.172 0.163 0.114 0.142 0.163 0.142 0.134 0.113 
Days  0.214  0.187  

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

 

storage time in the two storage seasons. Our results are in harmony with those 

obtained by El-Ansari et al. (2005) on table grapes cv. „Muscat of Alexandria‟ 

under different irrigation regimes and Al-Obeed (2011) on "Flame seedless" 

grape sprayed with preharvest calcium chloride and amino acids. 
 

2.  Titratable acidity 

Berries juice titratable acidity illustrated in Figure (3) showed that, 

generally acidity of berries juice was slightly reduced with the progress of 

storage time in both seasons. Moreover, vines of irrigation control (I1) showed 

the highest values of juice acidity as compared with other irrigation levels at the 

end of storage time in the two study seasons.  

Foliar sprays of Figure (4) cleared that, amino acids (S4) sprays recorded 

the highest significant values of juice acidity however, the lower values were 

noticed with calcium (S3) sprays at harvesting date and during the cold storage 

periods, respectively in the first season. Amino acids, silicon and control 

treatments did not show any significant differences among them in the second 

season.   

 Data of interaction between irrigation and foliar spray treatments in 

Table (8) indicated that, titratable acidity was decreased with the increase of 

storage period in the two seasons. Vines sprayed with amino acids (S4) which  
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2016 2017 

Figure (3) Effect of water irrigation levels on berries titratable acidity% of "Thompson 

seedless" grape during 2016 and 2017 seasons 

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

 
 

2016 2017 

Figure (4) Effect of foliar  spray treatments on berries titratable acidity% of "Thompson 

seedless" grape during 2016 and 2017 seasons 

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

 

irrigated with I1 and I3 showed the higher significant berry juice acidity 

percentage starting picking date until the end of storage period in both seasons. 

The lowest percent was noticed in berries of vines sprayed with calcium (S3) 

and silicon (S2) combined with I2 at picking date and during storage till 60 days 

in the first season. But in the second one, there was no stable trend among all 

treatments. The similar findings were recorded by Ojeda et al. (2001) and 

Romero et al. (2015) and Khan et al. (2012) they summarized that, multiple  
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Table (8): Effect of irrigation levels and foliar spray with silicon, calcium and 

amino acids on titratable acidity% of "Thompson seedless" grapevines 

during cold storage at 1
0
C and RH 90-95% in 2016 and 2017 seasons 

Treatments 

    Titratable acidity %     

 2016   2017 

 Cold storage periods in days Cold storage periods in days 

0 15 30 45 60 Mean 0 15 30 45 60 Mean 

Irrigation Spray             

I1 

 

 

 

I2 

 

 

 

I3 

 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

0.65 

0.61 

0.58 

0.74 

0.60 

0.53 

0.50 

0.62 

0.71 

0.63 

0.65 

0.73 

0.61 

0.59 

0.51 

0.70 

0.56 

0.50 

0.48 

0.60 

0.62 

0.58 

0.60 

0.70 

0.60 

0.57 

0.50 

0.66 

0.52 

0.47 

0.45 

0.57 

0.55 

0.54 

0.55 

0.68 

0.60 

0.52 

0.48 

0.61 

0.50 

0.44 

0.40 

0.52 

0.49 

0.49 

0.50 

0.63 

0.56 

0.47 

0.44 

0.55 

0.45 

0.40 

0.40 

0.48 

0.47 

0.43 

0.46 

0.55 

0.60 

0.55 

0.50 

0.65 

0.53 

0.47 

0.45 

0.56 

0.58 

0.53 

0.55 

0.66 

0.79 

0.74 

0.72 

0.84 

0.73 

0.75 

0.73 

0.75 

0.76 

0.75 

0.75 

0.82 

0.72 

0.70 

0.70 

0.80 

0.72 

0.70 

0.69 

0.72 

0.73 

0.72 

0.70 

0.73 

0.67 

0.66 

0.63 

0.76 

0.64 

0.67 

0.62 

0.67 

0.61 

0.63 

0.60 

0.70 

0.60 

0.60 

0.56 

0.71 

0.60 

0.62 

0.58 

0.60 

0.57 

0.58 

0.55 

0.62 

0.55 

0.57 

0.52 

0.66 

0.55 

0.54 

0.52 

0.57 

0.51 

0.53 

0.47 

0.57 

0.67 

0.65 

0.63 

0.75 

0.65 

0.66 

0.63 

0.66 

0.64 

0.64 

0.61 

0.69 

LSD at 

5% 

Ix S 0.174 0.132 0.123 ns 0.134 0.142 0.100 0.087 0.100 ns 0.093 0.114 
Days  0.112  0.122  

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

 

foliar applications of amino acids increased titratable acidity ratio (29%) and 

pH of juice (3%), of grape cv. „Perlette‟.  
 

3.  SSC/Acid ratio (%) 

Data presented in Table (9) cleared that, SSC/acid ratio affected by 

irrigation levels since, irrigation at I2 level showed the highest ratio at picking 

date as well as during all storage period in both seasons except in the second 

season, where there was no-showed a significant difference between I2 and I3 of 

irrigation levels at the end of storage period. On the other hand, the lowest ratio 

was noticed with I1 (control) at harvest date and during all storage times till 60 

days.  

As or foliar applications, calcium sprays (S3) produced the higher 

significant of SSC/acid ratio at harvesting time and through all storage period in 

both seasons. However, the lower ratio was showed by unsprayed control (S1) 

and S4 (amino acids spray) starting picking date and continually till 60 days of 

storage in both seasons with no significant effects between them in the first 

season and the initial time of storage in the second season.   
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Table (9): Effect of irrigation levels and foliar spray with silicon, calcium and 

amino acids on SSC/acid ratio% of "Thompson seedless" grapevines 

during cold storage at 1
0
C and RH 90-95% in 2016 and 2017 seasons 

Treatments 

   SSC/Acid ratio%     

2016  2017 

Cold storage periods in days   Cold storage periods in days 
0 15 30 45 60 Mean 0 15 30 45 60 Mean 

Irrigation main effect           

I1 

I2 

I3 
LSD  at 5% 

26.88 
31.76 

25.43 

1.363 

28.84 
33.53 

27.28 

1.282 

30.12 
35.88 

30.17 

1.254 

32.03 
39.25 

33.45 

1.282 

35.54 
42.44 

37.36 

1.315 

30.44 
36.21 

30.20 

1.163 

21.84 
23.41 

21.69 

1.213 

23.38 
24.61 

23.66 

1.272 

25.35 
27.02 

27.15 

1.361 

28.19 
29.61 

30.02 

1.372 

30.53 
32.82 

33.81 

1.273 

25.52 
27.13 

26.65 

0.724 

Irrigation main effect           

S1 

S2 

S3 

S4 
LSD  at 5% 

26.16 
29.54 

30.31 

25.84 
1.722 

27.97 
31.41 

33.16 

27.09 
1.681 

31.00 
33.32 

35.38 

28.69 
1.874 

33.00 
36.83 

38.74 

31.28 
1.733 

35.56 
41.36 

42.08 

35.11 
1.772 

30.40 
34.05 

35.52 

29.28 
1.652 

21.55 
22.77 

23.33 

21.63 
1.141 

23.18 
24.25 

24.84 

23.31 
1.192 

26.55 
26.42 

28.32 

24.89 
1.174 

29.06 
29.15 

31.34 

27.70 
1.213 

32.20 
32.26 

35.38 

29.95 
1.232 

26.01 
26.59 

28.05 

25.19 
0.572 

Interaction            

I1 

 

 

 

I2 

 

 

 

I3 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

25.85 
28.44 

30.00 
24.05 

29.45 

33.45 
35.34 

29.68 

23.66 

27.30 

26.72 

24.38 

27.66 
29.44 

34.18 
25.47 

31.73 

35.50 
37.02 

30.78 

25.12 

29.88 

29.22 

25.53 

28.17 
30.65 

35.20 
27.58 

34.37 

37.81 
39.71 

32.63 

30.91 

32.22 

32.00 

26.47 

28.78 
33.85 

36.77 
29.95 

35.86 

41.52 
45.40 

35.87 

35.24 

35.78 

35.30 

28.78 

30.95 
37.60 

41.52 
33.69 

39.93 

46.18 
45.78 

38.90 

36.87 

41.00 

39.41 

33.22 

28.20 
31.69 

35.20 
27.80 

33.92 

38.46 
40.26 

33.26 

29.49 

32.62 

31.99 

27.38 

20.54 
23.07 

23.51 
20.56 

23.74 

22.93 
23.56 

23.43 

20.54 

22.31 

22.93 

21.10 

22.81 
24.64 

24.54 
21.76 

24.24 

24.67 
25.12 

24.46 

22.49 

23.44 

24.86 

23.88 

24.82 
26.32 

27.49 
23.18 

27.63 

26.00 
28.13 

26.45 

27.31 

26.98 

29.38 

25.26 

27.95 
29.28 

31.29 
25.03 

29.75 

28.52 
30.43 

29.80 

29.51 

29.69 

32.35 

28.73 

30.75 
30.91 

34.10 
27.20 

32.67 

33.06 
34.13 

31.54 

33.27 

32.89 

38.17 

31.54 

24.91 
26.57 

27.69 
23.35 

27.25 

26.65 
27.82 

26.82 

25.89 

26.56 

28.65 

25.64 

LSD  at 

5% 

I x S 1.213 1.154 1.272 1.334 1.253 1.234 2.432 1.602 1.492 1.601 1.663 1.374 

Days 1.107  1.312  

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

Concerning the interaction, data of the same Table (9) cleared that, there 

was a gradual increase in SSC/ acid ratio with the progress of storage time. 

"Thompson seedless" vines which irrigated at I2 and sprayed with silicon  (S2) 

or calcium (S3), showed the highest ratio during harvest and during the different 

storage periods (15, 30, 45 and 60 days) in the first season. By the second one, 

this trend was found with vines sprayed with calcium and unsprayed one which 

irrigated with I2 at harvest, whereas unsprayed (S1) and sprayed with calcium 

(S3) vines which were irrigated at I3 recorded the highest values of SSC/ acid 

ratio at the end of storage period. In contrast, the lower values of SSC/acid ratio 

was found with both unsprayed vines and sprayed with silicon combined with 

irrigation at I1 or I3 at harvest time and at the end of storage times in the two 

study seasons. This could be understood according to the results of several 

researchers (Torrigiani et al., 2004 and El-Sayed, 2013) they found that, the 
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deficit irrigation had a direct inhibiting effect on shoots growth which reflected 

on carbohydrate reserve to cluster and enhanced SSC versus acidity. However, 

in contrast, foliar spray with amino acids help vine shoots to mitigate water 

deficit stress (Khosroshahi et al., 2007).  

C. Cluster physical characters 

1. Cluster weight loss % 

Regarding cluster weight loss during cold storage, Figures (5) and (6) 

showed that clusters harvested from vines of irrigation control (I1) recorded the 

highest weight loss starting 15 days till the end of cold storage period (60 

days). On the contrary, clusters which harvested from vines irrigated at I3 level 

showed the lowest significant percent of cluster weight losses in both seasons. 

As for foliar spray treatments generally, vines sprayed with silicon, 

calcium and amino acids showed a significant reducing in weight loss of 

clusters during all storage periods (from 15 to 60 day) as compared to control. 

In this respect, calcium and amino acids spray recorded the lower weight loss 

during both seasons. 

Interaction data in Table (10) showed that, cluster weight loss during cold 

storage was affected by all foliar spray treatments under all irrigation levels 

especially amino acids (S4) sprayed when combined with I3 level of irrigation 

which showed significant decrease in weight loss as compared with other 

treatments after 15 days of cold storage in both seasons of the study.  

However, at the end of the storage period (60 days), the clusters which 

harvested from vines sprayed with calcium (S3) or amino acids (S4) combined 

with I1 showed the lowest weight loss percentages during the two seasons 

without significant differences among them. These results are in line with those 

of Khosroshahi et al. (2007) they summarized that, exogenously applied amino 

acids enhanced some fruit quality through changes in fruit skin thickness which 

reduced weight loss. 
 

2. Rachis browning index   

Data presented in Table (11) stated that, all irrigation levels had no 

significant effect on rachis browning index at harvest time in both seasons of 

the study. However, rachis browning increased with the incidence of storage 

time. The lowest degrees of rachis browning were noticed with clusters 

harvested from vines irrigated with I1 starting 30 days till the end of storage in 

both season however; the highest rachis browning degree was obtained with 

clusters of vines irrigated with I3 in both seasons.  

As for foliar applications, it could be noticed that, all spray treatments 

were effective in reducing the increase in rachis browning during cold storage 
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2016 2017 

Figure (5) Effect of water irrigation levels on Thompson seedless grape cluster weight loss% 

during cold storage at 2016 and 2017 seasons 

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

  
2016 2017 

Figure (6) Effect of foliar spray treatments on Thompson seedless grape cluster weight 

loss% during cold storage at 2016 and 2017 seasons 

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

 

especially, amino acids (S4) spray which showed the lowest significantly 

values. On the contrary, control (S1) showed the highest values till 60 days of 

storage in both seasons of study.  

Concerning the interaction, data in the same Table (11) showed that, 

rachis browning index was increased with the progress of storage period under 

all treatments during the two seasons. "Thompson seedless" grapevines under 

all irrigation levels (I1, I2 and I3) in combined with unsprayed control (S1) 

cleared the highest significant values of rachis  
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Table (10): Effect of irrigation levels and foliar spray with silicon, calcium and 

amino acids on cluster weight loss% of "Thompson seedless" 

grapevines during cold storage at 1
0
C and RH 90-95% in 2016 and 

2017 seasons 

Treatments 

    Cluster weight loss %     

 2016   2017 

 Cold storage periods in days Cold storage periods in days 

0 15 30 45 60 Mean 0 15 30 45 60 Mean 

Irrigation Spray             

I1 

 

 

 

I2 

 

 

 

I3 

 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.62 

1.49 

1.42 

1.33 

1.61 

1.37 

1.39 

1.36 

1.52 

1.32 

1.28 

1.12 

2.15 

2.06 

1.96 

1.83 

1.96 

1.74 

1.66 

1.62 

1.92 

1.88 

1.87 

1.75 

2.47 

2.07 

1.94 

2.23 

2.66 

2.20 

1.97 

2.28 

2.65 

2.38 

2.27 

2.16 

3.38 

2.77 

2.18 

2.13 

3.18 

3.07 

2.86 

2.95 

3.34 

3.11 

2.95 

3.06 

2.41 

2.10 

1.88 

1.88 

2.35 

2.10 

1.97 

2.05 

2.36 

2.17 

2.09 

2.02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.63 

1.55 

1.46 

1.44 

1.65 

1.43 

1.40 

1.42 

1.58 

1.39 

1.32 

1.22 

2.47 

2.23 

2.14 

2.03 

2.05 

1.95 

1.94 

1.83 

2.08 

1.93 

1.95 

1.83 

2.70 

2.32 

2.16 

2.18 

2.93 

2.48 

2.15 

2.13 

3.03 

2.46 

2.49 

2.28 

3.43 

2.93 

2.22 

2.30 

3.23 

3.12 

2.98 

3.03 

3.44 

3.26 

3.05 

3.02 

2.56 

2.26 

2.00 

1.99 

2.47 

2.25 

2.12 

2.10 

2.53 

2.26 

2.20 

2.09 

LSD at 

5% 

I x S - 0.112 0.343 0.542 0.484 0.241 - 0.293 0.272 0.214 0.232 0.291 

Days  0.153  0.176  

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

 

browning during storage period (from 15 to 60 days) in both seasons. The vines 

sprayed with amino acids (S4) under all irrigation levels (I1, I2 and I3) showed 

the lowest values starting 15 to 60 days of cold storage. The vines sprayed with 

the same application S4 in combined with I1 showed the lowest values. on the 

contrary the highest values of rachis browning index were found with S1 

combined with I3 compared with all treatments during the two study seasons 

till the end of storage. These results could understand according to the findings 

of Crisisto et al. (2002) they reported that, there was high correlation between 

water losses from cluster and stem browning where, when water loss ranged 

between 0.5 to 2.1% of the initial cluster weight for 8 hour period at room 

temperature or even a few hours at high temperature before pre-cooling can 

cause severe drying and browning of cluster stems, so it could be reflected the 

browning of rachis during cold storage partially to water loss. Moreover, 

Wright et al. (2009) cleared that, rachis chlorophyll fluorescence is correlated 

to water loss from cluster and browning in both intact berries and rachis is 

certainly due to oxidation of phenolics through quinones to brown pigments by 

the action of polyphenol oxidase.  
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Table (11): Effect of irrigation levels and foliar spray with silicon, calcium and 

amino acids on rachis shape index of "Thompson seedless" 

grapevines during cold storage at 1
0
C and RH 90-95% in 2016 and 

2017 seasons 

Treatments 

   Rachis browning index     

2016  2017 

Cold storage periods in days   Cold storage periods in days 

0 15 30 45 60 Mean 0 15 30 45 60 Mean 

Irrigation main effect           

I1 

I2 

I3 
LSD at 5% 

1.00 

1.00 

1.00 

ns 

1.40 

1.43 

1.50 

ns 

1.73 

1.86 

2.01 

0.198 

2.01 

2.14 

2.26 

0.233 

2.25 

2.40 

2.53 

0.219 

1.68 

1.77 

1.86 

0.140 

1.00 

1.00 

1.00 

ns 

1.38 

1.44 

1.52 

0.122 

1.80 

1.87 

2.09 

0.140 

2.15 

2.18 

2.40 

0.172 

2.41 

2.43 

2.76 

0.177 

1.75 

1.78 

1.95 

0.180 

Spray main effect           

S1 

S2 

S3 

S4 
LSD at 5% 

1.00 

1.00 

1.00 

1.00 

Ns 

1.80 

1.37 

1.37 

1.23 

0.121 

2.43 

1.77 

1.80 

1.47 

0.129 

2.95 

1.93 

2.00 

1.67 

0.137 

3.43 

2.10 

2.13 

1.90 

0.140 

2.32 

1.63 

1.66 

1.45 

0.157 

1.00 

1.00 

1.00 

1.00 

Ns 

1.77 

1.40 

1.37 

1.25 

0.140 

2.62 

1.82 

1.73 

1.51 

0.150 

3.15 

2.03 

2.00 

1.78 

0.157 

3.63 

2.32 

2.27 

1.92 

0.166 

2.43 

1.71 

1.67 

1.49 

0.169 

Interaction             

 

I1 

 

 

 

I2 

 

 

 

I3 

 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

S1 

S2 

S3 

S4 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.70 

1.30 

1.40 

1.20 

1.80 

1.40 

1.30 

1.20 

1.90 

1.40 

1.40 

1.30 

2.40 

1.60 

1.50 

1.40 

2.30 

1.80 

1.90 

1.45 

2.60 

1.90 

2.00 

1.55 

2.95 

1.80 

1.75 

1.55 

2.90 

2.00 

1.95 

1.70 

3.00 

2.00 

2.30 

1.75 

3.30 

2.00 

1.95 

1.75 

3.50 

2.10 

2.05 

1.95 

3.50 

2.20 

2.40 

2.00 

2.27 

1.54 

1.52 

1.38 

2.30 

1.66 

1.64 

1.46 

2.40 

1.70 

1.82 

1.52 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.60 

1.40 

1.30 

1.22 

1.90 

1.30 

1.30 

1.24 

1.80 

1.50 

1.50 

1.28 

2.70 

1.70 

1.45 

1.35 

2.40 

1.75 

1.80 

1.54 

2.75 

2.00 

1.95 

1.65 

3.00 

2.05 

1.85 

1.70 

3.05 

1.85 

2.05 

1.75 

3.40 

2.20 

2.10 

1.90 

3.50 

2.30 

2.05 

1.80 

3.60 

2.05 

2.20 

1.85 

3.80 

2.60 

2.55 

2.10 

2.36 

1.69 

1.53 

1.41 

2.39 

1.59 

1.67 

1.48 

2.55 

1.86 

1.82 

1.59 

LSD at 

5% 

I x S ns 0.331 0.384 0.352 0.364 0.376 ns 0.371 0.377 0.348 0.340 0.338 

Days 0.165  0.178  

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

3.  Marketable clusters (%)  
Data presented in Table (12) demonstrated that, all irrigation levels (I1, I2 

and I3) did not affect the percentage of marketable clusters after 60 days of cold 

storage in both seasons. Foliar sprays treatments were effective in enhancing 

these percent. Calcium (S3) and amino acids (S4) applications showed the 

higher percent of "Thompson seedless" grape marketable clusters without 

differences between them during the two seasons.  

Regarding interaction, it could be noticed that, vines at I1 and I2 irrigation 

treatments in combined with S3 or S4 showed the highest significant percent of 

marketable clusters at the end of storage time compared with all treatments 

during the two seasons of this study. On the other hand, the lower percentages  
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Table (12): Effect of irrigation levels and foliar spray with silicon, calcium and 

amino acids on marketable clusters% and cluster total quality of 

Thompson seedless grape after 60 days of cold storage at 1
0
C and 

RH 90-95% and irrigation water use efficiency (IWUE) in 2016 

and 2017 seasons 

Treatments 

Marketable clusters 

(%)  

 Cluster total qualities index 

(CTQI) 

2016 2017 Mean  2016 2017 Mean 

Irrigation main effect       

I 1 

I 2 

I 3 
LSD at 5% 

98.64 

98.58 

98.53 

ns 

97.89 

97.81 

97.66 

ns 

98.27 

98.20 

98.10 

ns 

 

0.955 

0.973 

0.996 

ns 

0.975 

0.987 

0.994 

ns 

0.97 

0.98 

1.00 

ns 

Spray main effect       

S 1 

S 2 

S 3 

S 4 
LSD at 5% 

98.31 

98.56 

98.72 

98.76 

0.282 

97.68 

97.56 

98.22 

98.56 

0.263 

98.00 

98.06 

98.47 

98.66 

0.245 

 

0.904 

0.968 

1.000 

0.934 

0.031 

0.900 

0.941 

0.999 

0.939 

0.044 

0.90 

0.95 

1.00 

0.94 

0.521 

Interaction         

I 1 

 

 

 

I 2 

 

 

 

I 3 

S 1 

S 2 

S 3 

S 4 

S 1 

S 2 

S 3 

S 4 

S 1 

S 2 

S 3 

S 4 

98.25 

98.61 

98.83 

98.90 

98.31 

98.58 

98.74 

98.71 

98.31 

98.53 

98.59 

98.68 

97.59 

97.71 

98.38 

98.30 

97.31 

97.68 

98.24 

98.21 

97.41 

97.73 

97.69 

97.87 

97.92 

98.16 

98.61 

98.60 

97.81 

98.13 

98.49 

98.46 

97.86 

98.13 

98.14 

98.28 

 

0.852 

0.930 

0.955 

0.898 

0.879 

0.942 

0.976 

0.900 

0.909 

0.954 

0.987 

0.932 

0.866 

0.899 

0.967 

0.912 

0.871 

0.923 

0.977 

0.922 

0.893 

0.932 

0.977 

0.912 

0.86 

0.91 

0.96 

0.91 

0.88 

0.93 

0.98 

0.91 

0.90 

0.94 

0.98 

0.92 
LSD at 5% 0.077 0.054 0.089  0.094 0.086 0.112 

I 1, I 2 and I 3 = Irrigation at 30 (Control), 50 and 70% depletion of available water, respectively.     

S1, S2, S3 and S4 = Foliar application with water (control), Silicon, Calcium and Amino acids, respectively. 

 

were cleared by unsprayed control (S1) under all irrigation levels in both 

seasons. These results are in parallel with that of Claudia and Rafael (2010) 

they concluded that, calcium application as a foliar spray and soil drench were 

more effective to achieving different quality parameter as berries large, turgent, 

dry matter and cells size. Also, enhanced berry firmness.  

4. Cluster total qualities index (CTQI) 

           Data of Table (12) cleared that, the different irrigation levels used in this 

study had no effect on CTQI in both seasons. However, foliar-applications, 

especially calcium (S3) and amino acids (S4) sprays were more effective in this 

respect, where it reached the higher value of this index as compared with the 
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water spray (S1) treatment during the two seasons of this study. Moreover, a 

combination of S3, as well as S4 with all irrigation levels especially I1 and I2, 

showed the highest values during all study seasons. However, S1 spray 

combined with all irrigation levels produced the lower values of CTQI. These 

results are in line with that of Ahmed et al. (2011) and Khan et al. (2012) they 

summarized that, multiple foliar applications of amino acids was very effective 

to improve berry physical and chemical quality characteristics of „Perlette‟ 

grapes including rachis length by13.5%, berry weight by14.78% and berry size 

by 7.33% moreover, it reduced berry drop by 10.6% as compared with control. 

Conclusively, from these results, it could be concluded that, the moderate 

water irrigation (50% depletion of soil available water) could be adopted in 

"Thompson seedless" vineyards grown in clay soil conditions, especially when 

combined with calcium or amino acids foliar spray when shoots recorded 15-20 

cm in length, after fruit set and continues every two weeks till veraison stage 

which enhanced different clusters and berries physical and chemical quality 

characters at harvest date and during cold storage. Moreover, it raised 

marketable clusters percent without any defects on clusters and berries quality 

after 60 days of cold storage. 
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 علً تالسيليكىن والكالسيىم والاحماض الاميىيح الىرقً الرشمع تأثير مستىياخ الري 

و القذرج التخسيىيح جىدجتحسيه ال ب:  لعىة الثىاتًا  

ًوتسيىذ سع تر صا
1  

احمذ زغلىل سيذ علً السيذ -
2
مها حسية عثذ العسيس - 

2
  

 ٍصش -اىجيضة  - تاعياىضس اىبحىد ٍشمض -اىبساحيِ  بحىد ذٍعه  -اىعْب بحىد قسٌ- 1

 ٍصش –اىجيضة  - اىضساعيت اىبحىد ٍشمض -اىبساحيِ بحىد ٍعهذ -حذاوه اىفامهت بحىد قسٌ -2
 

ورىل لاخخباس ٍسخىياث ٍخخيفت  2112 و 2112خلاه ٍىسًَ  اىذساست هزٓأجشيج 

 ىً(عيً اىخىا I3و I2, I1 )% ٍِ اىَاء اىَخاح باىخشبت21،  01،  31ٍِ اىشي وهً عْذ اسخْفار 
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بالاضافت اىً ٍعاٍلاث اىشش وهً اىَقاسّت )اىنْخشوه( واىشش بسييناث اىبىحاسيىً )امسيذ 

% + 22%( و ّيخشاث اىناىسيىً )امسيذ ماىسيىً 31% + امسيذ بىحاسيىً 20سييينىُ 

 8% احَاض اٍيْيت +21%( والاحَاض الاٍيْيت )ٍْخج حجاسي يحخىي 1050ّيخشوجيِ 

ٍو/ىخش عيً اىخىاىً و حأريش رىل  2حٌ/ىخش ،  150،  1بَعذلاث  % مبشيج( 1152%ٍغْسيىً + 

عيً صفاث اىجىدة و اىقذسة اىخخضيْيت ىزَاسمشٍاث اىعْب اىبْاحً اىْاٍيت فً اىخشبت اىطيْيت 

ٍخش بيِ اىنشٍاث و اىصفىف عيً اىخىاىً و حشوي بْظاً اىشي  x 3 150واىَغشوست عيً ابعذ 

َحافظت اىغشبيت 5 حٌ حطبيق ٍعاٍلاث اىشي بعذ اىعقذ فً حيِ باىغَش بَْطقت اىَحيت اىنبشي ب

سٌ وبعذ اىعقذ واسخَشث مو  21-10ّفزث ٍعاٍلاث اىشش عْذ وصىه طىه اىَْىاث اىً 

جىدة رَاس اىعْب  عيً ورىل ىذساست حاريش هزٓ اىَعاٍلاثاسبىعيِ حخً ٍشحيت طشاوة اىزَاس5 

 ارْاء اىخخضيِ اىباسد5

 و ٍِ صفاث جىدة اىعْاقيذ واىحباث بَسخىياث اىشي اىَسخخذٍت حيذ اوضحج اىْخائج حأرش م

% ٍِ اىَاء اىَخاح باىخشبت اظهش صيادة ٍعْىيت فً  01او  31اُ سي اىنشٍاث عْذ اسخْفار 

اّفشاط اىحباث اىصلابت و قىة اىشذ اىلاصٍت ىْضع اىحباث و ّسبت  فً ٍخَزيت اىزَاسجىدة 

اىحَىضت واىَىاد اىَىاد اىصيبت اىزائبت اىنييت و باىْسبت الاعيً ٍِ جمَا احخفظ)اىفشطت( 

بيَْا ىٌ حنِ هْاك اخخلافاث ٍعْىيت فً  I2اىصيبت اىزائبت اىنييت/ اىحَىضت خاصت اىَعاٍيت 

اىقيٌ الاقو فً ّسبت  I3جىدة اىعْاقبذ بيِ ٍسخىياث اىشي اىزلارت فً حيِ سجيج ٍعاٍيت اىشي 

 هايت فخشة اىخخضيِ اىباسد5اىفقذ فً اىىصُ حخً ّ

  وقىة اىشذ اىلاصٍت اظهشث اىْخائج اُ ٍعاٍيت اىشش باىناىسيىً واىسييينىُ حسْج ٍِ صلابت

ِ ٍحخً ّهايت فخشة اىخخضيِ بيَْا قييج هاحاُ اىَعاٍلاحاُ وذايت ٍِ اىحصاد باىحباث  ىْضع

يادة ّسبت اىَىاد مَا ماّج ٍعاٍيت اىشش باىناىسبىً هً الافضو فً ص فشط اىحباث5 ّسبت

اىصيبت اىزئبت/ اىحَىضت ومزىل ّسبت اىعْاقيذ اىصاىحت ىيخسىيق وجىدة اىعْاقيذ والاقو فً 

 ّسبت اىفقذ فً اىىصُ فً ّهايت فخشة اىخخضيِ ٍَا يحسِ اىقذسة اىخخضيْيت ىيزَاس

 ىنييت و اىقيٌ الاعيً فً ّسبت اىَىاد اىصيبت اىزائبت ا اظهشث ٍعاٍيت اىشش بالاحَاض الاٍيْيت

 اٍلاث الاخشي5عاىحَىضت مَا قييج ّسبت الاصابت بالاعفاُ خلاه فخشة اىخخضيِ ٍقاسّت باىَ

  اىشي  خًعنسج اىْخائج اىَخحصو عييها اُ اىخذاخو بيِ مو ٍِ ٍعاٍيI2 حييهاI1  ًواىشش باىناىسيى 

اْقيذ  فً ِاو الاحَاض الاٍيْيت اظهشث  ححس ْج ٍِ حيذ حسٍعظٌ  صفاث جىدة اىزَاس واىع

ىاد اىصيبت اىزائبت اىنييت/ اىحَىضت و  ضعها ٍِ اىعْقىد وّسبت اىَ صلابت اىحباث واىقىة اىلاصٍت ىْ

اْقيذ اىصاىحت ىيخسىيق  وقييج ٍِ ّسبت اىفشط والاعفاُ باىعْقىد ومزا ّسبت اىفقذ قً اىىصُ  ّسبت اىع

هايت فخشة اىخخضيِ اىباسد   يىً(5 21)  فًّ 

سخفادة ٍِ وحذة اىَياة ورىل بشي مشٍاث اىعْب اىبْاحً ححج حعظيٌ الا يَنِ التىصيح:

% ٍِ اىَاء اىَخاح باىخشبت دوُ حذود اّخفاض ٍعْىي فً 01ظشوف اىذساست عْذ اسخْفار 

 صفاث اىجىدة و دوُ اىخأريش عيً اىقذسة اىخخضيْيت ىيزَاس5

 


