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Summary: The study was carried out using salt-affected soils to study the effect of gypsum or sulfur, 

each individually or in combination, on the soil chemical properties and its content of nutrients, as well as 

its effect on the growth and content of barley plants (Hordeum vulgare L.), cultivar variety Giza 123). 
From each soil, five surface (0-30) cm were collected from different sites, good mixed and analyzed for 

its chemical and physical Properties as well as its content of available nutrients and trace elements. 

In this study two soil amendments were used. The first was the elemental Sulphur (ES) as a chemical 

amendment with purity of 99% and pH of 6.8 The second was gypsum (G) as a natured amendment 

(CaSO42H2O) which obtained from Agricultural Research Station, Sokha, Kafr ElShikh Governorate. The 

purity of the used G was 85%. This study was carried out as a pots experiment on barley plant (Hordeum 

vulgare L.), as a test plant. Seeds of barley ware obtained from Agricultural Research Center (ARC) 

Egypt. The studied treatments were: - 

1. Soil types include five soils (So1, So2, So3, So4 and So4) varied in the physical and chemical 

properties especially their EC (dSm-1) values. 

2. Elemental Sulphur (ES) which applied at four application rates So (0.0%), S1(0.05%), S2(0.10%) and 

S3(0.20%). 

3. Gypsum (G) application which carried out at three application rates i.e. G0 (0.0%), G1(0.04%) and 

G3(0.08%) 

The studied treatments, including soil salinity and applications of elemental sulfur and gypsum, were 

arranged within the experimental units in a 3-way completely randomized block design with three 

replicates. 

All pots were irrigated at moisture content of soil field capacity (60%). As well as these pots were 

manured by compost at rate of 5%. 

At the same time the pots ware fertilized by ordinary super phosphate at a rate of 0.13gkg-1. The 

applications of compost, super phosphate and elemental Sulphur and gypsum ware carried out before 

planting and good mixed with the pots soil. Both N and K fertilizers ware applied at recommended doses 

of barley plants (g.kg-1) as ammonium nitrate 33%N and potassium Sulphur (48%k2O) 

After 72 days of planting, the plants of each pot ware harvested above the soil surface, weighted oven 

dried, weighted and analyzed for the content of some nutrients and trace elements. 

Aftar harvesting, soil samples were taken separately from each pot and analyzed for its chemical 

composition and the content of available nutrients and trace elements. 

The obtained data may be summarized in the following points: 
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 The studied five soils have an EC value varied between 2.80 dSm-1 (S4) and 5.40 dSm-1 (S3) 

 Soil pH varied between 7.19 and 7.78 in soil 2 and 5 respectively, while the content of OM varied 

between 2.36 and 0.37% in soil1 and 5 respectively, ESP were varied between 10.47 and 17.38 in soil 1 

and soil 5, respectively Na was varied from 19.50 to 29.0 meq.L-1 in soil 1 and soil 5. 
 The predominant soluble cations in the five soils were Na+, while the predominant soluble anion was 

CL-1 

 All soils have a low and moderate content of both macro- and micro- nutrients as well as the content of 

some trace elements. 

 The five soils have a clay texture class.                                                         

A- Effect of soil properties on dry matter yield of barley plants (BDW): 

 According the found BDW the cultivated soils take the order soil2>soil1>soil3>soil4>soil5.This trend 

means that, BDW was decreased with the increase in soil EC dSm-1. The relationship between BDW 

gpot-1 and soil EC may be explained by this equation. 

BDW = 6.06 – 0.82 EC        (r=0.92) 

 Increasing in soil pH of the studied soils reduced BDW (gpot-1).   Where their reeducation was BDW= 

38.8 -4.65 pH   (r=0.71) 

 As well as increasing in the soil content (meq.L-1) of soluble Na+ and Cl- resulted in decrease of BDW 

(gpot-1), where these two relations may be described using the following two equation:  

BDW=5.83- 0.10 Na+ (meq. L-1)              (r=0.93) in the case of Na+ 

BDW= 5.91- 0.09 Cl-1 (meq. L-1)               (r=0.92) in the case of Cl- 

These two equations and the two varied correlation coefficients show a similar decrease effected of both 

Na+ and Cl- on BDW. 

B. Effect of gypsum and Sulphur applications on barley dry weight (BDW): 

-Individual applications of gypsum especially at high application rate (0.08%) resulted in a significant 

increase of BDW under the five soil conditions under study for example, BDW in the plants grow in soil 

5 was increased from 1.13 gpot-1 with zero gypsum and Sulphur (G0 and S0) applications to 1.35 gpot-1 

in the same soil with the treatment of S0 and G3 recorded increase percent of  

-Individual applications of Sulphur especially at high applications in all soils under study resulted in a 

signification increase of BDW. For example, BDW of barely plants planted in soil5 was increased from 

1.13 gpot-1 with the treatment of G0 and S0 to 2.11 gpot-1 recorded increase percent of  

-More significant increases of BDW were found with the plants growing in the soils with the combined 

applications of G and S especially at their high application rates (G2 and S3). For example, BDW of the 

plants grown in soil5 was increased from 1.15 gpot-1 with G0 and S0 treatment to 2.52 gpot-1 for the 

plants cultivated in the same soil treated by G2 and S3 together with increase percent of 123.478. 

C. Effected of gypsum and sulfur applications on nutrients contents of barley plants: 

1- Nitrogen (N) content:                                                                                 

 The soils under study have a moderate effect on N concentration (%) in barely plants which ranged 

between 0.13 and 0.10% with different treatments under study. 

 With all treatments of G and S individually and in combination and according the found N (%) in 

barley plants the cultivated soils take the order soil 2> soil 1> soil 3 >soil4 >soil5.This order is in 

harmony with pH of the studied soils as well as with these soils content of organic matter. 

 On the other hand, N uptake by barely plants in the five soils varied from 2.89 to 6.91mgpot-1 with a 

mean of 4.24 mgpot-1, where the highest uptake was found in the plants planted in soil2 and the lowest 

was found in the plants cultivated in soil 5. 

 Nitrogen uptake by barley plants significantly increased as a result of added S increase where its 

uptake varied from 2.89 mgpot-1 in soil 5 to 6.04 mgpot-1 in soil2 with mean of 4.24 mgpot-1. 
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 Individual application of gypsum led to a signification increase in both N concentration (%) and 

uptake (mgpot-1) by barely plants grown in the five soils varied in their salinity. For example, N 

uptake by barley in soil2 was increased from 2.60 mgpot-1 with the treatment of S0 and G0 to 7.31 

mgpot-1 with the treatment of S0 and G2. 

The data also show that, the effectiveness of Sulphur and gypsum application for promoting nitrogen 

uptake. For example, in soil 2, the highest mean nitrogen uptake (12.42 mgpot-1) was observed at the 

0.2% and 0.08 % application level for both sulfur and gypsum, respectively, while in soil 4, the highest 

mean nitrogen uptake (9.38 mgpot-1) was observed at the 0.05% sulfur and 0.04 % gypsum application. 

Moreover, the data indicates that the combined application of sulfur and gypsum can have a 

significant effect on nitrogen uptake in barley plants, with the highest mean nitrogen uptake observed at 

the 0.1% sulfur and 0.08% gypsum application levels. For example, in soil 2, the combined application of 

sulfur and gypsum at the 0.1% and 0.08% application levels resulted in a mean nitrogen uptake of 12.42 

mgpot-1, which is higher than the mean nitrogen uptake observed with either sulfur or gypsum alone at 

any application level in the same soil. 

2-Phosphorus(P) content: 
The properties of the studied soil have a significant effect on P (%) of barley plants, where according 

to this content, the experimental soils take the order soil5>soil4>soil2>soil1>soil3. 

Furthermore, the results suggest that the response of P uptake to sulfur and gypsum additions also 

varies depending on soil type. For example, in soil 1 and soil 2, the highest P uptake values are observed 

at 0.1% sulfur and 0.08% gypsum. 

Furthermore, the results suggest that the optimum sulfur and gypsum application rates for maximum 

P uptake in soils vary among soils. For example, in soil 1 and soil 2, the highest P uptake values are 

observed at 0.1% sulfur and 0.08% gypsum, while in soil 3, soil 4, and soil 5, the highest P uptake values 

are observed at 0.2% sulfur and 0.04% gypsum. 

Regarding the effect of adding elemental sulfur, the results suggest that P uptake generally increases 

with increasing levels of sulfur, although the magnitude of the increase varies depending on the specific 

soil sample. For instance, in soil 1, the P uptake increases from 5.80 mgpot-1 to 10.79 mg/pot as the rate 

of sulfur increases from 0.0% to 0.2%. Generally, the mean P uptake throughout all soil 

samples increased from 5.13 to 10.77 mgpot-1 as the rates of sulfur increases from 0.0 to 0.2%. 

In respect to the effect of gypsum treatments on P uptake (mgpot-1), the results indicate that, the P 

uptake generally increases with increasing levels of gypsum, although the magnitude of the increase 

varies depending on the specific soil sample. 

For instance, in soil 1, the P uptake increases from 7.03 mgpot-1 to 9.71 mgpot-1 as the gypsum 

addition rate increases from 0.0% to 0.08%. General, mean of P uptake in all soil samples increased from 

5.97 mgpot-1 to 9.14 mgpot-1 as the rate of gypsum increases from 0% to 0.08%. 

 

3-Potassium (K) content: 
The plants content (%) of K with all S and G applications varied widely from soil to another. The 

results indicate that the combined applications of gypsum and sulfur generally enhance K 

uptake compared to the application of either amendment alone, although the magnitude of the increase 

varies depending on the specific soil sample and the added rate of gypsum and sulfur used. For instance, 

in Soil 1, the application of 0.0 % gypsum and 0.10% sulfur results in a K uptake from 1.25 mg/pot, 

which is higher than the uptake observed with either amendment alone. 

As well as their soil5 has the highest K % in the barley plants, with a value of 1.54%, while Soil3 has 

the lowest K %, with a value of 1.34%.                        
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A variation in K uptake by the plants across the different studied soils, soil2 has the highest K uptake, 

with plants taking up 63.45 mg/ pot, while soil4 has the lowest K uptake, with plants taking up only 28.93 

mg per pot.  

The mean K uptake of all soils was 40.83 mgpot-1, that increase with increasing the level of sulfur 

added to the soil, the K% of barley plants increases. For instance, in Soil1, the mean K% of barley plants 

increases from 1.32 at 0% sulfur to 1.48 at 0.2% sulfur. 

As increase in the level of gypsum added to the soil increases, the mean K% of barley plants shows a 

slight increase. For example, in soil1, the mean K% of barley plants increases from 1.33 at 0% gypsum to 

1.48% at 0.08% gypsum. This trend is also observed in other soils. However, the observed trend is not 

statistically significant, given the LSD value for gypsum at a 0.05 level of significance, which is 0.1. 

As increased the level of sulfur added to the soil, the mean K uptake of barley plants also increases. 

For example, in soil1, the mean K uptake of barley plants increases from 34.81 mg per pot at 0% sulfur to 

56.47 mg per pot at 0.2% sulfur. This trend is also observed in other soils. 

There is no clear trend in the mean K uptake of barley plants with increasing levels of gypsum. For 

example, in soil1, the mean K uptake of barley plants is 41.15 mg per pot at 0% gypsum, and it increases 

to 52.52 mg per pot at 0.08% gypsum, but it decreases to 51.23 mg per pot at 0.04% gypsum. 

This trend is not consistent across the other soils. In some soils, such as soil2 and soil4, the mean K 

uptake of barley plants increases with increasing levels of gypsum.  

4-Sulfur (S) content: 
The data shows that, S % values for studied soils varied with values ranging from 0.406 to 0.487 %. 

The highest S % value was observed in soil 5 (0.487), followed by soils 2 and 4 (0.480 and 0.483%). 

Sulfur uptake in studied soils, varied with values ranging from 9.229 to 21.016 mgpot-1. The highest 

sulfur uptake was observed with soil 2 (21.016 mgpot-1), followed by soil 1 (16.083 mgpot-1). The lowest 

sulfur uptake was observed in soil 5 (9.229 mgpot-1). The higher sulfur uptake observed in soils with 

lower salt concentrations (soils 1 and 2). On the other hand, the lower sulfur uptake observed in soils with 

higher salt concentrations (soils 4 and 5).                                         

Increasing the amount of gypsum applied to the soil increases the sulfur content of the barley plants. 

When no gypsum applications, the sulfur content of the barley plants was 0.44 %. However, while its 

values with 0.04% and 0.08%gypsum.                                 

Increased to 0.47% and 0.49%, respectively. The data shows that increasing the amount of gypsum 

applied to the soil results in a higher sulfur uptake in barley plants. When no gypsum was added to the 

soil, the sulfur uptake by the barley plants was 10.80 mg/pot. However, when 0.04% gypsum was added 

to the soil, the sulfur uptake increased to 13.61 mg/pot. Moreover, the sulfur uptake increased to 15.24 

mg/pot when 0.08% gypsum was added to the soil.  

Additions of sulfur had a positive impact on S% in all soils tested. As the sulfur rate increased from 

0.0 to 0.2 %, there was a corresponding increase in S% in all soils. However, the impact of sulfur on S% 

varied depending on the soil type. Soils 5, 4, and 2 had higher S% values compared to soils 1 and 3.  

In addition, S application had a significant increase effect on S uptake by barely plants grown in soils 

varied in their salinity. The highest sulfur uptake was observed in soil 2 at the highest sulfur rate of 0.2%, 

with a value of 27.81 mg/pot. Soil 4 also showed a significant increase in sulfur uptake as the sulfur rate 

increased. 

5-Lead (Pb) content: 
Lead concentration and uptake (mg/kg and mgpot-1) are higher in soils with higher salinity, such as 

content in soil 2 and soil 3, compared to soils with lower salinity, such as soil 4 and soil 5. However, there 
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are some exceptions, such as soil 1, which has a lower salinity but a higher Pb mg/kg than soil 4 and soil 

5. 

The experimental saline soils can be arranged according to their effect on Pb concentration (mg/kg) in 

the barley plant as the following order: soil 3> soil 5 > soil 4 > soil 2 > soil 1 and as Pb uptake (mgpot-1) 

as the following order: soil 2 > soil 1 > soil 3 > soil 4 > soil 5.    

In general, gypsum application increased Pb (ppm) and uptake mgpot-1 by barley plant in most soils, 

except for soil 4 and soil 5, where the highest gypsum rate (G3) decreased Pb (mg/kg) and uptake (mgpot-

1) in barley plants compared to the control (Go). 

6-Cadmium (Cd) content: 
All five saline soils have cadmium concentrations in barley above the average level of 0.1 mg/kg, but 

below the animal feed limit of 0.5 mg/kg. This means that these soils have different effects on Cd 

accumulation in barley plants. Lead uptake by barley plants grown in different saline soils is very low, 

where its ranging from 0.0003 to 0.0005 mgpot-1. 

The mean Cd content of barley plants increased with increasing sulfur applications in all soils. 

 The data also show that, indicating that sulfur enhanced the uptake of Cd by the plants.  

 The highest Cd content was observed with the plants in soil 5 with treatment S3 (0.1968 mg/Kg), 

while the lowest Cd content was observed with the plants in soil 2 with treatment.  

 The statistical results show that sulfur treatments have significant effects on Cd. This means that there 

are differences among the treatments in terms of Cd (mg/Kg).  

 The results reveal that, the mean Cd uptake of barley plants increased with increasing sulfur 

applications across all soils. 

The highest Cd uptake was observed in soil 2 with treatment S3 (0.0007 mgpot-1), while the lowest Cd 

uptake was observed in soil 4 and soil 5 with treatment S0 (0.0002 mgpot-1).  

The statistical analysis shows that gypsum treatment has a significant effect on Cd uptake in barley 

plants. This means that, there are significant differences among the mean Cd uptake for different gypsum 

treatments where a significantly different between G0 and G1, G0 and G2, and G1. 

D-Relationships between nutrients uptake and soil chemical properties: 

There are as negative correlation between nitrogen uptake and soil properties such as pH, EC, K+, 

Na+, Mg++, Ca++, Cl-, and HCO3
-. Higher levels of some soil properties were associated with higher P % 

in barley plants. On the other hand, the correlation coefficients for P uptake (mgpot-1) were negative. 

Saline soil chemical properties have a well effect (positive or negative) in K content (% and mgpot-1) The 

positive or negative of the correlation coefficient indicates the direction of the relationship between the 

two variables. A positive correlation coefficient suggests that as one variable increases. 

The other variable also tends to increase, while a negative correlation coefficient suggests that as one 

variable increases, the other variable tends to decrease.  

Such as a weak positive correlation for S content with pH (0.06), EC (0.19), K+ (0.26), Na+ (0.10), 

Mg++ (0.28), Ca++ (0.54) and SO4
-- (0.10), indicating that these soil properties have little influence on the 

sulfur content of barley plants in saline soils. 

There is a negative correlation between sulfur uptake and most of the soil properties, except for pH 

and Ca++. The strongest negative correlation is with SO4
-- (r = -0.700), followed by Na+ (r = -0.674) and 

HCO3
- (r = -0.685). The weakest negative correlation is with EC (r = -0.651) and Cl- (r = -0.651). The 

positive correlation with pH (r = 0.058) and Ca++ (r = 0.542) is weak and moderate, respectively. 
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اٌّخأرسة  فٝ الأزاػٟدزاظبث ػٍٝ اٌّغخٜٛ ا١ٌّعس ِٓ بؼغ اٌّغر٠بث ّٚٔٛ إٌببث  عنىاى الزسالت:

 ببلأِلاط

 ش١ّبء ععٓ ػبد اٌٛازد ا١ٌٍّضٝ   اسن الباحـث :

 اٌّبصعخ١س فٝ اٌؼٍَٛ اٌصزاػ١ت   الذرجت العلويت:

 الأزاػٟػٍَٛ  القسن العلوً :

 35/5/4246حاريخ هىافقت هجلس الكليت : 

   ١تصبِؼت إٌّٛفت، و١ٍت اٌصزاػ و١ّ١بء الازاػٝ،أظخبذ  ٛاْـــــــ/ طلاط ػبد اٌّض١د زػأ.د لجنت الإشزاف:

   ١تصبِؼت إٌّٛفت، و١ٍت اٌصزاػ و١ّ١بء الازاػٝ،أظخبذ ٓ ــ/ اٌغع١ٕٟ ػبد اٌغفبز أبٛ عع١أ.د 

ِسوص اٌبغٛد -ٚا١ٌّبٖ ٚاٌب١ئت  ٟالأزاػبغٛد ِؼٙد بغٛد  زئ١ط ؽٕطبِٕٚٞبي فخغٝ ػبد اٌعلاَ  د/.أ 

 ِظس -اٌض١صة-اٌصزاػ١ت

 الولخض العزبً

أصس٠تتج اٌدزاظتتت ببظتتخلاداَ الازاػتتٝ اٌّختتأرسة ببٌٍّٛعتتت ٌدزاظتتت حتتأر١س اٌضتتبط أٚ اٌىبس٠تتج وتتً ػٍتتٝ عتتدة أٚ ِضخّؼتتت ػٍتتٝ 

 Hordeum) اٌشتؼ١سببحتبث اٌلاٛاص اٌى١ّ١بئ١ت ٌٍخسبت ِٚغخٛا٘ب ِتٓ اٌؼٕبطتس اٌغرائ١تت، ٚوترٌه حأر١س٘تب ػٍتٝ ّٔتٛ ِٚغختٜٛ ٔ

vulgare L.)   ( ظُ ِٓ وً حسبتت ِتٓ ِٛالتغ ِلاخٍفتت، ٚحتُ خٍطٙتب 52-2حُ حضف١ف خّعت أظطظ ) طٕف( 345طٕف اٌض١صة

ا ٚحغ١ٍٍٙتتب ِتتٓ ع١تتذ خظبئظتتٙب اٌى١ّ١بئ١تتت ٚاٌف١ص٠بئ١تتت بباػتتبفت لٌتتٝ ِغخٛا٘تتب ِتتٓ اٌؼٕبطتتس اٌغرائ١تتت ٚاٌؼٕبطتتس إٌتت ة بدزص١تتد 

 اٌّخبعت.

٪ 99( ذاث ٔمتبٚة (ESوّغعتٓ و١ّ١تبئٝ  اٌؼٕظتسٞاٌىبس٠تج  ٟٚ٘ اٌخسبتِٓ ِغعٕبث  ١ٓحُ اظخلاداَ ٔٛػ فٟ ٘رٖ اٌدزاظت

( ٚاٌتترٞ حتتُ اٌغظتتٛي ػ١ٍتتٗ ِتتٓ ِغطتتت CaSO4 2H2O( وّغعتتٓ ؽب١ؼتتٟ )Gٚاٌزتتبٟٔ وتتبْ اٌضتتبط ) ،8.6ٚدزصتتت عّٛػتتت 

ٔبتبث  أطتض ػٍتٝاٌدزاظتت وخضسبتت ٪ ٚلتد أصس٠تج ٘ترٖ 67اٌبغٛد اٌصزاػ١ت بعلاب بّغبفظت وفس اٌشت١.. بٍغتج دزصتت ٔمبٚحتٗ 

 اٌصزاػ١تت ِظتسوٕبتبث اخخبتبز. بترٚز اٌشتؼ١س حتُ اٌغظتٛي ػ١ٍٙتب ِتٓ ِسوتص اٌبغتٛد  (.Hordeum vulgare L) اٌشتؼ١س

 :ٟ٘ اٌدزاظتوبٔج ِؼبِلاث ٚ

١تت ( ِخفبٚحت فٟ اٌلاٛاص اٌف١ص٠بئ١تت ٚاٌى١ّ١بئSo1 ،So2 ،So3 ،So4 ،So4ٚحشًّ خّعت أٔٛاع ِٓ اٌخسبت ) أٔٛاع اٌخسبت -3

 .EC (dSm-1)خبطت ل١ُ 

 S1(0.05)٪)  ،S2 (0.10٪  ،S3٪( ، 2.2( ٚاٌتترٜ أػتت١ف ػٕتتد أزبتتغ ِؼتتبِلاث ٚ٘تتٝ )ESاٌىبس٠تتج اٌؼٕظتتسٜ ) -4

(2.42.)٪ 

 ٪G0 (0.0٪  ،G1 (2.26ٚ )٪G3 (2.26)( اٌرٞ حُ اػبفخٗ بزلارت ِؼدلاث )Gاٌضبط اٌصزاػٝ ) -5

بّب فٟ ذٌه ٍِٛعت اٌخسبت ٚحطب١متبث  ٚاٌضبط،ػبفٗ اٌىبس٠ج ٔٛع الازع ِٚؼدلاث ا ٟٚ٘حُ حسح١ب اٌّؼبِلاث اٌّدزٚظت 

 ِىسزاث. رلاداحضب٘بث ِغ  رلادداخً اٌٛعداث اٌخضس٠ب١ت فٟ حظ١ُّ اٌمطبػبث اٌىبٍِت  ٚاٌضبط،ػٕظس اٌىبس٠ج 

% ِتتٓ اٌعتتؼٗ اٌغم١ٍتتٗ ٌتتلازع ٚوتترٌه حتتُ حعتت١ّد الاطتتض 82حتتُ زٞ ص١ّتتغ الأطتتض ػٕتتد اٌّغختتٜٛ اٌسؽتتٛبٝ ِعتتب٠ٚب 

 .٪7 ّؼديببٌىّبٛظج ب

فٛظتفبث  وتلا  ِتٓ اٌىبس٠تج ٚاٌعتٛبس توضُ. حُ لػتبف /صُ 2.35فٟ ٔفط اٌٛلج حُ حع١ّد الأطض ببٌعٛبس فٛظفبث بّؼدي 

 لبً اٌصزاػت ٚخٍطٙب ص١دا  ِغ حسبت الاطض. 

٪ 55( ػٍٝ طٛزة ٔختساث الأ١ِٔٛتَٛ وضُ/صُ 2.3بٙب ٌٕببث اٌشؼ١س ) اٌّٛطٟبٌّؼدلاث ب N  ٚKاظّدة حُ لػبفت وً ِٓ 

N ( َٛ66ٚوبس٠ج اٌبٛحبظ١.)٪ 
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ب ِٓ  24بؼد   ِ رتُ ٚشٔٙتب ٚوترٌه   C 222حُ عظبد ٔببحبث وً أط١ض فٛق ظتطظ اٌخسبتت ٚحضف١فٙتب بفتسْ ػٍتٝ اٌصزاػت،٠ٛ

 حمد٠س اٌّغخٜٛ ِٓ بؼغ اٌؼٕبطس اٌغرائ١ت ٚاٌؼٕبطس إٌبدزة.

١بئ١تتٗ ِٚغختتٜٛ اٌؼٕبطتتس اٌغرائ١تتت ٚبؼتتد اٌغظتتبد، حتتُ أختتر ػ١ٕتتت اٌخسبتتت ِتتٓ وتتً أطتت١ض ٚحغ١ٍٍٙتتب ِتتٓ ع١تتذ اٌلاتتٛاص اٌى١ّ

 ٚاٌؼٕبطس إٌبدزٖ ا١ٌّعسٖ.

 يوكي حلخيض النخائج الخي حن الحظىل عليها في النقاط الخاليت:

  ٓد٠عتت١ّص/ َ فتتٝ  3,70ٚ  6َ فتتٝ الازع/د٠عتت١ّص 2,80أْ دزصتتٗ اٌخٛطتت١ً اٌىٙس٠تتبئٝ لازع اٌدزاظتتٗ حساٚعتتج ِتتب بتت١

 .7الازع زلُ 

  ٓفٟ عت١ٓ لخخٍتف ِغختٜٛ اٌّتبدٖ اٌؼؼت٠ٛٗ ِتب ػٍٝ اٌخسح١ب 4ٚ7فٝ الأزع  7,78ٚ 7,19اٌسلُ ا١ٌٙدزٚص١ٕٟ حساٚط ب١ ،

 4ٚ7فتٝ الأزع  2.29ٚ 19,50ٚورٌه وبٔج ٔختبئش اٌظتٛد٠َٛ ِتب بت١ٓػٍٝ اٌخسح١ب. 4ٚ7فٝ الأزع  37, 2,03ٚ0ب١ٓ  

 ػٍٝ اٌخسح١ب.

  ٟ١ْٛ اٌعبئد ٘ٛ اٌىٍٛز٠د.ب١ّٕب وبْ الأٔ اٌظٛد٠َٛ،اٌلاّعت وبٔج  الأزاػٟاٌىبح١ٛٔبث اٌرائبت اٌعبئدة ف 

 ْٚوبESP  ٓػٍٝ اٌخٛاٌٝ ٚورٌه ِغخٛٞ اٌّبدة اٌؼؼت٠ٛت وتبْ ٠ختساٚط بت١ٓ  3ٚ7فٝ اٌخسبت 17.38  ٚ ٠10.47خساٚط ِبب١

 ػٍٝ اٌخٛاٌٝ. 3ٚ7فٝ اٌخسبٗ 0.37ٚ2.36

 .ٚوبْ اٌّغخٜٛ ا١ٌّعس ِٓ اٌّغر٠بث اٌىبسٜ ٚاٌظغسٜ ٚورٌه اٌؼٕبطس إٌبدزٖ ِٕلافغ لٌٝ ِخٛظؾ 

  اٌلاّعت ذاث لٛاَ ؽ١ٕٝ.اٌخسبت 

 

 (BDWحأثيز خىاص الأرع علً هحظىل الوادة الجافت لنباث الشعيز ) - أ

  ٓٚفم تتب ٌٍمتت١ُ اٌّخغظتتً ػ١ٍٙتتب ِتتBDW ٠ؼٕتتٟ ٘تترا ااحضتتبٖ أْ 7< 6< 5< 3< 4، فتت ْ الأزاػتتٝ اٌلاّعتتٗ حأختتر اٌخسح١تتب .

بت١ٓ  حٛػت١ظ اٌؼلالتتلأزع. ٠ّىتٓ ِغظٛي اٌّبدة اٌضبفت ِٓ ٔببث اٌشتؼ١س لٔلافتغ ِتغ ش٠تبدة دزصتٗ اٌخٛطت١ً اٌىٙسبتٝ ٌت

 :ٌٍخسبت بٙرٖ اٌّؼبدٌت BDW -1  ٚECبمؼت 

BDW = 6.06 - 0.82 EC (r = 0.92) 

 ش٠بدة اٌسلُ ا١ٌٙدزٚص١ٕٟ ٌٍخسبت اٌّدزٚظت خفغ ِغظٛي اٌّبدٖ اٌضبفت BDW ٚاٌّٛػظ ببٌّؼبدٌتPH BDW = 38.8 

 .2.23ف )ص =  4.65-

  ٌخس( ِٓ اٌظٛد٠َٛ ٚاٌىٍتٛز اٌترائب١ٓ أدٜ لٌتٝ لٔلافتبع ِغظتٛي /خسبت )١ٍٍِّىبفئّغخٜٛ اٌٌبباػبفت لٌٝ ذٌه فبْ اٌص٠بدة

 ، ع١ذ ٠ّىٓ ٚطف ٘بح١ٓ اٌؼلالخ١ٓ ب ظخلاداَ اٌّؼبدٌخ١ٓ اٌخب١ٌخ١ٓ:) (BDW; (gpot-1)اٌّبدٖ اٌضبفٗ 

BDW=5.83- 0.10 Na+ (meq. L-1)              (r=0.93) in the case of Na+ 

BDW= 5.91- 0.09 Cl-1 (meq. L-1)                  (r=0.92) in the case of Cl- 

 حظُٙس ٘بحبْ اٌّؼبدٌخبْ ِؼبِلاث الازحببؽ حشببٗ حبر١س وً ِٓ ٘ر٠ٓ الأ١ٔٛ١ٔٓ ػٍٝ لٔلافبع ِغظٛي اٌّبدٖ اٌضبفٗ.

 

 (BDWب. حأثيز إضافاث الجبس والكبزيج علً الىسى الجاف للشعيز )

٪( لٌتٝ ش٠تتبدة ِؼ٠ٕٛتتٗ فتتٝ ِغظتتٛي اٌّتتبدٖ اٌضبفتتٗ حغتتج 2.26بفٗ اٌّسحفتتغ )أدث لػتبفبث اٌضتتبط خبطتتٗ ػٕتتد ِؼتتدي ااػتت

صتُ  3.35ِتٓ  7فٟ إٌببحبث اٌخٟ حّٕٛ فٟ اٌخسبت  BDWظسٚف الأزاػٝ اٌلاّعت ل١د اٌدزاظت ػٍٝ ظب١ً اٌّزبي، حّج ش٠بدة 

ي ش٠تتتبدة بّؼتتد SO  ٚG3فتتٟ ٔفتتط اٌخسبتتت ِتتغ ِؼبٌضتتت  اطتتت١ض/صتتُ  3.57بتتدْٚ اػتتبفٗ صتتبط اٚ وبس٠تتج لٌتتٝ اطتت١ض /

 . 17.391بٕعبت

أدث الاػبفبث إٌّفسدٖ ٌٍىبس٠ج خبطت فٟ ِؼدلاث الاػبفٗ اٌؼب١ٌتت فتٟ ص١ّتغ أٔتٛاع الازاػتٝ حغتج اٌدزاظتت لٌتٝ ش٠تبدة 

ِتٓ  7ػٍٝ ظب١ً اٌّزبي شاد ِغظٛي اٌّبدٖ اٌضبفٗ ٌٍٕببحبث اٌّصزٚػت ببٌشؼ١س فٟ اٌخسبتت  ِؼ٠ٕٛٗ. ش٠بدةاٌضبفٗ  اٌّبدةِغظٛي 

 % 83,478بص٠بدة ِمداز٘ب  اط١ض/صُ  4.33لٌٝ  2G  ٚ2Sِغ ِؼبٌضت  اط١ض/صُ  3.35
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ِؼ٠ٕٛٗ أوزس فٝ ِغظتٛي اٌّتبدٖ اٌضبفتٗ ِتغ ااػتبفبث اٌّشتخسوٗ ٌٍضتبط ٚاٌىبس٠تج خبطتت فتٟ  ش٠بدةأِىٓ اٌغظٛي ػٍٝ 

صتُ  3.37ِتٓ  7ٌٍٕببحبث اٌّصزٚػت فتٟ اٌخسبتت  BDW(. ػٍٝ ظب١ً اٌّزبي، حّج ش٠بدة G2  ٚS3ِؼدلاث ااػبفبث اٌؼب١ٌت )

ِتغ  G2  ٚS3ٌٍٕببحبث اٌّصزٚػت فٟ ٔفتط اٌخسبتت ِتغ اٌّؼبٍِتٗ  أط١ض/صُ  4.74بدْٚ لػبفٗ صبط اٚ وبس٠ج لٌٝ  اط١ض/

 . 123,478ش٠بدة ٔعبٗ ِئ٠ٛٗ لدز٘ب 

 

 :حأثيز إضافه الجبس والكبزيج علً هحخىياث العناطز الغذائيت لنباث الشعيز -ج

 :(Nهحخىي النيخزوجيي ) -1

سبت ل١د اٌدزاظت حبر١س ِخٛظؾ ػٍٝ ِغخٜٛ ٔببحبث اٌشؼ١س ِٓ ا١ٌٕخسٚص١ٓ )٪( فٟ ٔببحبث اٌشؼ١س ع١ذ حساٚعتج أظٙسث اٌخ

 ٪ ٚذٌه ِغ ص١ّغ ِؼدلاث اٌدزاظت.2.32ٚ  2.35٘رٖ إٌعب اٌّئ٠ٛت ب١ٓ 

ت اٌّصزٚػتت )٪( اٌّٛصتٛدة فتٟ ٔببحتبث اٌشتؼ١س، أخترث اٌخسبت Nوً ػٍٝ عدة ِٚؼب ٚٚفم ب ٌٕعبت  G  ٚSِغ ص١ّغ ِؼبِلاث 

اٌخسح١ب ِخّش١ب  ِغ الأض ا١ٌٙدزٚص١ٕٟ ٌلأزاػٝ اٌّدزٚظت ٚورٌه  ا. ٘ر7< حسبت 6< حسبت 5< حسبت 3< حسبت 4حسح١ب اٌخسبت 

 اٌّغخٜٛ ِٓ اٌّٛاد اٌؼؼ٠ٛت.

اطت١ض  /ٍِضتُ 8.93لٌتٝ  4.69اٌلاّعتت ِتٓ  الأزاػتِٟتٓ ا١ٌٕختسٚص١ٓ فتٟ  اٌّّخظتتحفبٚحج اٌى١ّتبث  أخسٜ،ِٓ ٔبع١ت 

ٚألٍٙتتب فتتٟ إٌببحتتبث  4ع١تتذ حتتُ اٌغظتتٛي ػٍتتٝ أػٍتتٝ ٔعتتبت فتتٟ إٌببحتتبث اٌّصزٚػتتت فتتٟ اٌخسبتتت  ،اطتت١ض/ٍِضتتُ 6.46بّخٛظتتؾ 

 .7اٌّصزٚػت فٟ اٌخسبت 

 اطت١ض/١ٍٍِضتساَ  4.69ِؼ٠ٕٛٗ ِغ ش٠بدة اٌىبس٠ج اٌّؼبف ع١ذ حفبٚث لِخظبطٗ ِٓ  ش٠بدةا١ٌٕخسٚص١ٓ اٌّّخض  اشداد

 .اط١ض/١ٍٍِضساَ  6.46اٌخسبت بّخٛظؾ  فٟ اط١ض/١ٍٍِضساَ  8.26لٌٝ  7فٟ اٌخسبت 

فتتٝ  ٓ٪( ا١ٌٕختتسٚص١) اطتت١ض(/ ١ٍِضتتساَ)ٚاِخظتتبص %( )حسو١تتص أدٜ لػتتبفج اٌضتتبط لٌتتٝ ش٠تتبدة ِؼ٠ٕٛتتٗ فتتٟ وتتً ِتتٓ 

 4.82ِتٓ  4ا١ٌٕختسٚص١ٓ اٌّّتخض بٕبتبث اٌشتؼ١س فتٟ اٌخسبتت  اشدادػٍٝ ظب١ً اٌّزتبي،  ٍِٛعخٙب،اٌّخفبٚحت فٟ  اٌلاّعتالأزاػٝ 

 2S  ٚG2 ( ,8%2.)ِغ ػلاس  اط١ض/١ٍٍِضساَ  2.53ِغ حُ لػبفج وبس٠ج اٚ صبط لٌٝ  ضاط١ٍٍِ/١ضساَ 

اٌىبس٠تتج ٚاٌضتتبط فتتٟ حؼص٠تتص لِخظتتبص ا١ٌٕختتسٚص١ٓ ٚاٌختتٝ لخخٍفتتج  اٌّشتتخسوتااػتتبفبث  أ٠ؼتتب  فؼب١ٌتتتأظٙتتسث اٌب١بٔتتبث 

( اطت١ض/ِضت١ٌٍٕ34.2ُختسٚص١ٓ ) لِخظتبصٌتٛعع أْ أػٍتٝ ِخٛظتؾ  ،4فتٟ اٌخسبتت  اٌّزبي،ب خخلاف أٔٛاع اٌخسبت. ػٍٝ ظب١ً 

لِخظتبص وتبْ أػٍتٝ ِخٛظتؾ  ،6ب١ّٕتب فتٟ اٌخسبتت  اٌختٛاٌٟ،٪ ٌىً ِٓ اٌىبس٠ج ٚاٌضبط ػٍتٝ 2.26٪ ٚ 2.4ػٕد ِؼدي لػبفٗ 

 ٪ صبط.2.26٪ وبس٠ج ٚ 2.27ِضُ / اط١ض(. ٌٛعع ِغ لػبفٗ  ١ٌٍٕ9.56خسٚص١ٓ )

ٍىبس٠تتج ٚاٌضتتبط ٠ّىتتٓ أْ ٠ىتتْٛ ٌٙتتب حتتأر١س ِؼٕتتٜٛ ػٍتتٝ ػتتلاٚة ػٍتتٝ ذٌتته، حشتت١س إٌختتبئش لٌتتٝ أْ الأػتتبفبث اٌّشتتخسوت ٌ

٪ 2.26٪ وبس٠تج 2.3ِٚغ أػٍٝ ِؼدي لِخظبص ١ٌٍٕخسٚص١ٓ وبْ ِظتبعبب  اػتبفت  اٌشؼ١س،لِخظبص ا١ٌٕخسٚص١ٓ فٟ ٔببحبث 

ي ٪ لٌتٝ اٌغظت2.26ٛ٪ ٚ 2.3اٌّشخسن ٌٍىبس٠ج ٚاٌضبط ػٕد ِؼدلاث  الاظخلاداَأدٜ  ،4فٟ اٌخسبت  اٌّزبي،صبط. ػٍٝ ظب١ً 

لِخظبص ١ٌٍٕخسٚص١ٓ اٌترٞ ٌتٛعع ِتغ ااػتبفبث إٌّفتسدٖ ِضُ / اط١ض ٚ٘ٛ أػٍٝ ِٓ ِخٛظؾ  34.64ػٍٝ لِخظبص لدزٖ 

 ٌىً ِٓ اٌىبس٠ج أٚ اٌضبط ػٕد أٞ ِؼدي لػبفت فٝ وً حسبٗ.

 

 :(Pهحخىي الفىسفىر ) -2

  فتت ْ  اٌّغختتٜٛ،ٚٚفمتتب  ٌٙتترا  س،اٌشتتؼ١وتتبْ ٌلاظتتبئض اٌخسبتتت اٌّدزٚظتتت حتتأر١س ِؼٕتتٛٞ ػٍتتٝ ٔعتتبت اٌفٛظتتفٛز )%( فتتٝ ٔبتتبث

 ".5< حسبت 3< حسبت 4< حسبت 6< حسبت 7أخرث اٌخسح١ب "حسبت  اٌخضسبتحغج  الأزاػٟ
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حشت١س إٌختبئش لٌتٝ أْ لظتخضببت لِخظتبص اٌفٛظتفٛز اػتبفبث اٌىبس٠تج ٚاٌضتبط حلاخٍتف أ٠ؼتب  بت خخلاف  ذٌته،ػلاٚة ػٍٝ 

٪ وبس٠تتج ٚ 2.3، ٌتتٛعع أْ أػٍتتٝ لتت١ُ لِخظتتبص ٌٍفٛظتتفٛز ػٕتتد  4ٚاٌخسبتتت  3فتتٟ اٌخسبتتت  اٌّزتتبي،ختتٛاص اٌخسبتتت. ػٍتتٝ ظتتب١ً 

 ٪ صبط. 2.26

ِؼدلاث لػبفت ٌٍضبط ٚاٌىبس٠تج ٌٍغظتٛي ػٍتٝ الظتٝ لِخظتبص ٌٍفٛظتفٛز  أْ أعبحش١س إٌخبئش لٌٝ  ذٌه،ػلاٚة ػٍٝ 

ز ِٛصتٛدا  ِتغ ، ٌٛعظتج أػٍتٝ لت١ُ لِخظتبص ٌٍفٛظتفٛ 4ٚاٌخسبتت  3فتٟ اٌخسبتت  اٌّزتبي،٠خٛلف ػٍٝ ٔتٛع الأزع. ػٍتٝ ظتب١ً 

 ٪ صبط.2.26٪ وبس٠ج ٚ 2.4ِغ ِؼدلاث لػبفت  7ٚ  6ٚ  5٪ صبط ، ب١ّٕب وبْ فٝ الأزاػٝ 2.26٪ وبس٠ج ٚ 2.3

طبعب لػبفت اٌىبس٠ج حأر١س ِؼٕتٜٛ ػٍتٝ لِخظتبص اٌفٛظتفٛز ٠ٚخٛلتف ٘ترٖ اٌص٠تبدٖ ػٍتٝ ٔتٛع الازع ٚخٛاطتٙب ػٍتٝ 

ِضتُ / اطت١ض ِتغ ش٠تبدة ِؼتدي  32.29ِضتُ / اطت١ض لٌتٝ  7.62، شاد لِخظتبص اٌفٛظتفٛز ِتٓ  3فٟ اٌخسبت  اٌّزبي،ظب١ً 

ِضتُ /  7.35اِخظتبص اٌفٛظتفٛز فتٟ ص١ّتغ ػ١ٕتبث اٌخسبتت ِتٓ شاد ِخٛظؾ  ػبَ،٪. بشىً 2.4٪ لٌٝ 2.2لػبفت اٌىبس٠ج ِٓ 

 ٪.2.4٪ لٌٝ 2ِٓ  اٌىبس٠ج اٌّؼبفِضُ / اط١ض ِغ ش٠بدة  32.22اط١ض 

إٌختتبئش لٌتتٝ ش٠تتبدة فتتٝ  (، أٚػتتغجظتتبص اٌفٛظتتفٛز )١ٍٍِضتتساَ / اطتت١ضف١ّتتب ٠خؼٍتتك بختتأر١س بّؼتتدلاث اٌضتتبط ػٍتتٝ لِخ

 لِخظبص اٌفعفٛز ِغ لخخلاف ِؼدي اٌص٠بدة ب خخلاف ٔٛع ٚخٛاص الأزع.

ِضتُ / اطت١ض ِتغ ش٠تبدة  9.23ِضُ / اط١ض لٌتٝ  2.25اٌفٛظفٛز ِٓ  اِخظبص اشداد ،3فٟ اٌخسبت  اٌّزبي،ػٍٝ ظب١ً 

ِضتتُ /  7.92. ٚوتتبْ اٌّخٛظتتؾ اٌؼتتبَ ٌٍفعتتفٛز فتتٟ ص١ّتتغ ػ١ٕتتبث اٌخسبتتت لشداد ِتتٓ ٪2.26٪ لٌتتٝ 2.2ِؼتتدي لػتتبفت اٌضتتبط ِتتٓ 

 ٪.2.26٪ لٌٝ 2ِضُ /اط١ض ع١ذ لشداد ِؼدي اٌضبط ِٓ  9.36اط١ض لٌٝ 

 

 :(Kهحخىي البىحاسيىم ) -3

شت١س حفبٚث ِغخٜٛ إٌببحتبث )%( ِتٓ اٌبٛحبظت١َٛ ِتغ ص١ّتغ لػتبفبث اٌىبس٠تج ٚاٌضتبط اٌّلاخٍفتت ِتٓ حسبتت لٌتٝ أختسٜ. ٚح

لٌتتٝ ش٠تتبدة فتتٝ لِخظتتبص اٌبٛحبظتت١َٛ ِمبزٔتتت ِتتغ حٍتته  ػتتبَ ادٜ ٚاٌىبس٠تتج بشتتىًاٌّشتتخسن ٌٍضتتبط  الاظتتخلاداَإٌختتبئش لٌتتٝ أْ 

٪ ِتٓ اٌىبس٠تج لٌتٝ 2.32٪ ِتٓ اٌضتبط ٚ 2.2، طبعب اػتبفت  3فٟ اٌخسبت  اٌّزبي،ػٍٝ ظب١ً  اٌفسد٠ت.اٌّظبعبت ٌلإػبفبث 

أظٙتسث ٚ إٌّفتسدةطت١ض ، ٚ٘تٛ أػٍتٝ ِتٓ الاِخظتبص اٌّظتبعب ٌلإػتبفبث ِضتُ / ا 6.23ش٠بدة اٌبٛحبظ١َٛ اٌّّتخض لٌتٝ 

٘تتٟ وبٔتتج ألتتً ٔعتتبت  5، ب١ّٕتتب اٌخسبتتت 7فتتٝ اٌخسبتتت زلتتُ  (%1.54) )%( ِتتٓ اٌبٛحبظتت١َٛ إٌختتبئش فتتٝ الأزع أْ أػٍتتٝ ِغختتٜٛ

(3.56 .)٪ 

ص ٌٍبٛحبظتت١َٛ ع١تتذ وتتبْ أػٍتتٝ لِخظتتب 4وبٔتتج اٌخسبتتت ٚلخخٍتتف اٌبٛحبظتت١َٛ اٌّّتتخض بتت خخلاف أٔتتٛاع اٌخسبتتت اٌّدزٚظتتت. 

( ِضُ / اطت١ض(. ِخٛظتؾ 46.95 ٌٍبٛحبظ١َٛ،ألً اِخظبص  6ِضُ / اط١ض، ب١ّٕب وبٔج اٌخسبت  85.67 إٌببث، اِخظبص

شاد ِتتغ ش٠تتبدة ِعتتخٜٛ اٌىبس٠تتج اٌّؼتتبف لٌتتٝ  ٚاٌتترِٞضتتُ / اطتت١ض  62.65لِخظتتبص اٌبٛحبظتت١َٛ ٌض١ّتتغ أٔتتٛاع اٌخسبتتت ٘تتٛ 

٪ 2ػٕتتد  3.54٪ فتتٝ ٔبتتبث اٌشتتؼ١س لشداد ِغختتٜٛ اٌبٛحبظتت١َٛ ِتتٓ K، ٠ص٠تتد ِخٛظتتؾ  3خسبتتت فتتٟ اٌ اٌّزتتبي،اٌخسبتتت. ػٍتتٝ ظتتب١ً 

 ٪ وبس٠ج.2.4ػٕد  3.66وبس٠ج لٌٝ 

اٌّغختٜٛ ِتٓ اٌبٛحبظت١َٛ )%( فتٝ ٔببحتبث اٌشتؼ١س ش٠تبدة بعت١طت. ػٍتٝ  اشداد اٌخسبتت،ِغ ش٠بدة ِؼدي اٌضبط اٌّؼتبف لٌتٝ 

% ػٕتد 3.66٪ صتبط لٌتٝ 2.2% ػٕتد 3.55عبت اٌبٛحبظ١َٛ فٟ ٔببحبث اٌشؼ١س ِٓ ٔ، لشداد ِخٛظؾ  3فٟ اٌخسبت  اٌّزبي،ظب١ً 

فتت ْ الاحضتتبٖ اٌٍّغتتٛظ ٌتت١ط ذا دلاٌتتت  ذٌتته،٪ صتتبط. ٌتتٛعع ٘تترا ااحضتتبٖ أ٠ؼتتب  فتتٟ ص١ّتتغ أٔتتٛاع الأزاػتتٝ الأختتسٜ. ِٚتتغ 2.26

 ٌٍضبط. LSD 2.27ػٕد ِعخٜٛ  2.233ع١ذ اػطٝ ل١ّت  لعظبئ١ت،

ب  اشداد اٌخسبت،ف لٌٝ ِغ ش٠بدة ِؼدي اٌىبس٠ج اٌّؼب ،  3فتٟ اٌخسبتت  اٌّزتبي،ٌٕبتبث اٌشتؼ١س. ػٍتٝ ظتب١ً  Kاِخظتبص أ٠ؼ 

 78.62٪ وبس٠تج لٌتٝ 2.2ِضتُ / اطت١ض ِتغ اػتبفت بٕعتبت  56.63اِخظبص اٌبٛحبظت١َٛ ٌٕببحتبث اٌشتؼ١س ِتٓ لشداد ِخٛظؾ 

 الأزاػٝ حغج اٌدزاظت.٪ ِٓ اٌىبس٠ج. ٌٛعع ٘را ااحضبٖ أ٠ؼب  فٟ ص١ّغ أٔٛاع 2.4ِضُ / اط١ض بٕعبت 
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فتٟ  اٌّزتبي،لِخظبص اٌبٛحبظ١َٛ ٌٕببحبث اٌشؼ١س ِغ ش٠تبدة ِعتخ٠ٛبث اٌضتبط. ػٍتٝ ظتب١ً لا ٠ٛصد لحضبٖ ٚاػظ فٟ ِخٛظؾ 

٪ ِٓ اٌضبط ، ٚشاد لٌتٝ 2ِضُ / اط١ض ػٕد ِؼدي اػبفت  63.37لِخظبص اٌبٛحبظ١َٛ ٌٕببث اٌشؼ١س ٘ٛ ، ِخٛظؾ  3اٌخسبت 

٪ ِتٓ 2.26ِضتُ / اطت١ض بٕعتبت  73.45لٌتٝ ٪ ِٓ اٌضبط ، ٌٚىٕتٗ ألافتغ 2.26ِؼدي اػبفت  ِضُ / اط١ض ػٕد 74.74

 اٌضبط.

، لشداد ِخٛظتتؾ  6ٚاٌخسبتتت  4اٌخسبتتت  اٌخسبتتت ِزتتً٘تترا ااحضتتبٖ ث١تتس رببتتج فتتٝ ص١ّتتغ أزاػتتٝ اٌدزاظتتت. فتتٟ بؼتتغ أٔتتٛاع 

 5ب فتتٟ أٔتتٛاع أختتسٜ ِتتٓ اٌخسبتتت ، ِزتتً اٌخسبتتت اِخظتتبص اٌبٛحبظتت١َٛ ٌٕببحتتبث اٌشتتؼ١س ِتتغ ش٠تتبدة ِؼتتدلاث لػتتبفت اٌضتتبط ، ب١ّٕتت

 لِخظبص اٌبٛحبظ١َٛ ٌٕببحبث اٌشؼ١س ِغ ش٠بدة اٌضبط اٌّؼبف.ِخٛظؾ ، لٔلافغ  7ٚاٌخسبت 
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%( ع١تتذ حساٚعتتج ِتتٓ )اٌىبس٠تتج اٌدزاظتتت ػٍتتٝ ِغختتٜٛ إٌبتتبث ِتتٓ  أزاػتتٟػٍتتٟ  حتتأر١سٌٙتتب ٪ Sأظٙتتسث إٌختتبئش أْ لتت١ُ 

 % (.2.665ٚ  2.662) 6ٚ  4ح١ٍٙب اٌخسبت  (،2.662) 7٪فٝ الازع S٪. ٚوبٔج أػٍٝ ل١ّت 2.662لٌٝ  2.628

ِضُ / اطت١ض. ٌتٛعع أػٍتٝ لِخظتبص  43.238ِضُ / اط١ض لٌٝ  9.449 اٌدزاظت ِٓ أزاػٟلِخظبص اٌىبس٠ج فٝ 

ع ألً لِخظبص ٌٍىبس٠ج فٟ ِضُ / اط١ض(. ٌٛع 38.265) 3ح١ٍٙب اٌخسبت  (،ِضُ / اط١ض 43.238) 4ٌٍىبس٠ج فٟ اٌخسبت 

 (.3,4ِضُ / اط١ض( ٚوبْ أػٍٝ لِخظبص ٌٍىبس٠ج فٝ الازاػٝ ِٕلافؼت اٌٍّٛعٗ )حسبت  9.449) 7اٌخسبت 

 ( .6,7ألً لِخظبص ٌٍىبس٠ج وبْ ِغ الأزاػٝ ِسحفؼت اٌٍّٛعت )حسبت  ،ػٍٝ اٌضبٔب الأخس

٠ج فٟ ٔبتبث اٌشتؼ١س. ػٕتد ػتدَ لػتبفت اٌضتبط لٌتٝ الأزاػٝ أدٜ لٌٝ ش٠بدة ِغخٜٛ اٌىبساٌّؼبف لٌٝ ش٠بدة و١ّت اٌضبط 

فت ْ ِغختتٜٛ  اٌخسبتت،٪ لٌتٝ 2.26٪ ٚ 2.26٪. أِتتب ػٕتد لػتبفت اٌضتبط 2.66وتبْ ِغختٜٛ اٌىبس٠تج فتٟ ٔبتبث اٌشتؼ١س  اٌخسبتت،

 ٪. ػٍٝ اٌخٛاٌٝ.2.69٪ ٚ 2.62اٌىبس٠ج فٟ ٔببث اٌشؼ١س شاد لٌٝ 

ش٠بدة فٝ لِخظبص اٌىبس٠ج فٟ ٔببحبث اٌشتؼ١س. ػٕتد ػتدَ لػتبفت أظٙسث إٌخبئش أْ ش٠بدة و١ّت اٌضبط اٌّؼبف أدٜ الٌٝ 

٪ ِتٓ 2.26ػٕتد لػتبفت  ذٌته،ِضتُ/ اطت١ض. ِٚتغ  32.62اٌشتؼ١س  بٛاظطت ٔببحتبثوبْ اٌىبس٠ج اٌّّخض  اٌخسبت،اٌضبط لٌٝ 

 37.46اٌىبس٠تج لٌتٝ  اِخظتبصشاد  ذٌته،ِضُ /اط١ض. ػلاٚة ػٍتٝ  35.83اٌضبط لٌٝ اٌخسبت، شاد اِخظبص اٌىبس٠ج لٌٝ 

 ٪صبط شزاػٝ. 2.26ِضُ / اط١ض ػٕد لػبفت 

لػبفت اٌىبس٠ج وبْ ٌٗ حأر١س ِؼٕٜٛ ػٍٝ ٔعبت اٌىبس٠ج فٟ ص١ّغ أٔٛاع أزاػٝ اٌدزاظت. ِغ ش٠بدة ِؼتدي اػتبفت اٌىبس٠تج 

ر١سا  ٪ ، أدٜ لٌٝ ش٠بدة ِمببٍت فٟ ِغخٜٛ اٌىبس٠ج فٟ ص١ّغ أٔٛاع الأزاػٝ، ٚحأرس اٌّغختٜٛ ِتٓ اٌىبس٠تج حتب2.4لٌٝ  2.2ِٓ 

ػٍٝ ل١ُ ِغختٜٛ اٌىبس٠تج أػٍتٝ ِمبزٔتت ببٌخسبتت  4ٚ  6ٚ  7٪ ببخخلاف أٛع الأزاػٝ ع١ذ أظٙسث الأزاػٝ Sِؼ٠ٕٛب  ػٍٝ 

3  ٚ5 . 

حتأر١س ِؼٕتٛٞ ػٍتٝ ِغختٜٛ ٔببحتبث اٌشتؼ١س ِتٓ اٌىبس٠تج ِتغ حفتبٚث فتٝ اٌمت١ُ اٌّخغظتً ػ١ٍٙتب ِتٓ وبْ اػتبفت اٌىبس٠تج  

ٗ ٚاٌختٝ وتبْ ٌٙتب حتبأ٠س ِؼٕتٜٛ ػٍتٝ لِخظتبص اٌىبس٠تج ٚلتد ٌتٛعع أػٍتٝ لِخظتبص لِخظبص إٌببث ِغ حفبٚث ٍِٛعتت اٌخسبت

أ٠ؼتب   6ِضُ / اط١ض. فٝ ع١ٓ أظٙسث الأزاػٝ  42.63 % وبس٠ج ِٓ 2.2ػٕد أػٍٝ ِؼدي لػبفٗ 4ٌٍىبس٠ج فٟ الأزع 

 ش٠بدة ِؼ٠ٕٛت فٟ لِخظبص اٌىبس٠ج ِغ ش٠بدة ِؼدي اٌىبس٠ج.
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، 5ٚاٌخسبتت  4ٌسطبص ٚلِخظبطٗ بٛاظطت ٔببث اٌشتؼ١س أػٍتٝ فتٟ اٌخسبتت ذاث اٌٍّٛعتت اٌؼب١ٌتت، ِزتً اٌخسبتت وبْ حسو١ص ا

. ِٚتتتغ ذٌتتته، ٕ٘تتتبن بؼتتتغ 7ٚاٌخسبتتتت  6ِمبزٔتتتت بّغختتتٜٛ إٌببحتتتبث إٌب١ِتتتت فتتتٝ ذاث حسبتتتت اٌٍّٛعتتتت إٌّلافؼتتتت، ِزتتتً اٌخسبتتتت 

ػٍٝ فٝ اٌّغخٜٛ ِٓ اٌسطبص ِٓ إٌببحبث إٌب١ِٗ فٟ اٌخسبت ٌٚىٓ أ ،ألً، اٌخٟ حغخٛٞ ػٍٝ ٍِٛعت 3ااظخزٕبءاث، ِزً اٌخسبت 

< 5. ٠ّٚىٓ حسح١ب الأزاػٝ اٌٍّغ١ٗ حغتج اٌدزاظتت ؽبمتب  ٌخسو١تص اٌسطتبص ببٌٕببحتبث ػٍتٝ إٌغتٛ اٌختبٌٟ: اٌخسبتت 7ٚاٌخسبت  6

< ١4تب اٌختبٌٟ: اٌخسبتت ٚبٕبءا  ػٍٝ اٌّّخض ِٓ اٌسطتبص فخٍته الأزاػتٝ حأختر اٌخسح3< اٌخسبت 4< اٌخسبت 6< اٌخسبت 7اٌخسبت 

 .7 < اٌخسبت6< اٌخسبت 5< اٌخسبت 3اٌخسبت 
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بشتتىً ػتتبَ، أدٜ لظتتخلاداَ اٌضتتبط لٌتتٝ ش٠تتبدة لِخظتتبص اٌسطتتبص )صتتصء فتتٟ ا١ٌٍّتتْٛ( ٚااِخظتتبص ١ٍٍِضتتساَ/ اطتت١ض 

ػٕتد أػٍتٝ  ، ع١ذ لٔلافغ ِٓ اٌّغخٜٛ ِٓ اٌسطبص 7ٚاٌخسبت  6ببٌٕببحبث إٌب١ِت فٟ ِؼظُ أٔٛاع الأزاػٝ، ب ظخزٕبء اٌخسبت 

 (.Goِؼدي لػبفت ٌٍضبط  ِمبزٔت ببٌّغخٜٛ ػٕد ػدَ لػبفت اٌضبط)
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بٍغ ِخٛظؾ ِغخٜٛ ٔببحبث اٌشؼ١س فٝ الأزاػٝ اٌلاّعتت حغتج اٌدزاظتت اٌّبٌغتت ػٍتٝ حسو١تصاث ِتٓ اٌىتبد١َِٛ فتٟ اٌشتؼ١س 

٘ترٖ ِضُ/ وضُ. ٘را ٠ؼٕٟ أْ ٔتٛع الأزع  2.7غسس اٌببٌغ ِضُ/ وضُ، ٌٚىٓ ألً ِٓ اٌّغخٜٛ اٌ 2.3ِعخٜٛ أػٍٝ ِٓ ِخٛظؾ 

ِلاخٍفتت حأر١ساث ِلاخٍفت ػٍٝ حساوُ اٌىتبد١َِٛ فتٟ ٔببحتبث اٌشتؼ١س. لْ اِخظتبص ٔببحتبث اٌشتؼ١س اٌّصزٚػتت فتٟ حسبتت ِبٌغتت  ٌٙب

 ِضُ/ اط١ض.  2.2227لٌٝ  2.2225حساٚط ِٓ  ٚاٌرٞ ِٕٚلافؼت

ؼ١س ِغ ش٠بدة لػبفج اٌىبس٠تج فتٟ ص١ّتغ أٔتٛاع الأزاػتٝ، ِّتب ٠شت١س لٌتٝ أْ ِغخٜٛ اٌىبد١َِٛ فٟ ٔببحبث اٌششاد ِخٛظؾ 

فتٟ  إٌب١ِتتفتٝ إٌببحتبث  اٌىبد١َِٛ ِٛصتٛدا  ش٠بدة اٌىبس٠ج أدٜ لٌٝ ش٠بدة لِخظبص إٌببحبث ٌٍىبد١َِٛ. ٌٛعع أػٍٝ ِغخٜٛ ِٓ 

ِتغ اٌّؼبٍِتت  4ببحتبث إٌب١ِتٗ فتٟ اٌخسبتت وبْ فٝ إٌ Cdِضُ / وضُ(، ب١ّٕب ٌٛعع ألً ِغخٜٛ  2.3986) S3ببٌّؼبٍِت 7اٌخسبت 

2S ( بّؼديِضُ /  2.3334بّؼدي )ُطفس وبس٠ج. وض 

(. ٘را ٠ؼٕتٟ أْ ٕ٘تبن P<2.223أظٙسث إٌخبئش ااعظبئ١ت أْ ِؼبِلاث اٌىبس٠ج وبْ ٌٙب حبر١ساث ِؼ٠ٕٛت ػٍٝ اٌىبد١َِٛ ) -

 لخخلافبث ب١ٓ اٌّؼبِلاث ِٓ ع١ذ حأر١س٘ب ػٍٝ اٌىبد١َِٛ.

اٌشؼ١س ٌٍىبد١َِٛ شاد ِغ ش٠بدة ِؼبِلاث اٌىبس٠ج فتٟ ص١ّتغ أٔتٛاع الازاػتٝ. ٌتٛعع  اِخظبصٕخبئش أْ ِخٛظؾ أظٙسث اٌ -

ِضتُ / اطت١ض( ، ب١ّٕتب ٌتٛعع ألتً اِخظتبص ٌٍىتبد١َِٛ  S3  0.0007ِغ اٌّؼبٍِت ) 4أػٍٝ اِخظبص ٌٍىبد١َِٛ فٟ اٌخسبت 

 .ِضُ / اط١ض( 2S 0.0002ِغ اٌّّخض ) 7ٚاٌخسبت  6فٟ اٌخسبت 

أظٙتتس اٌخغ١ٍتتً ااعظتتبئٟ أْ لػتتبفبث اٌضتتبط ٌٙتتب حتتأر١س ِؼٕتتٛٞ ػٍتتٝ لِخظتتبص اٌىتتبد١َِٛ فتتٟ ٔببحتتبث اٌشتتؼ١س ػٕتتد ِعتتخٜٛ  -

لِخظبص اٌىبد١َِٛ فٟ ِؼبِلاث اٌضتبط اٌّلاخٍفتت ع١تذ ٠ٛصتد . ٘را ٠ؼٕٟ أْ ٕ٘بن لخخلافبث ِؼ٠ٕٛت ب١ٓ ِخٛظؾ 2.23ِؼ٠ٕٛت 

 . G0  ٚG1  ،G0 ، G2 ، G1لخخلاف وب١س ب١ٓ 

 

 :العلاقاث بيي الوغذياث والخىاص الكيويائيت للخزبت -د

EC، HCO3 ا١ٌٙتدزٚص١ٕٟ،ٚصد أْ ٕ٘بن ِؼبًِ لزحببؽ ظٍبٟ ب١ٓ لِخظبص ا١ٌٕخسٚص١ٓ ٚخظبئض اٌخسبتت ِزتً الأض 
 - 

،Cl-  ، Ca++  ، Mg++  ،  Na+  ، K+   
 

ز اٌّّخض فٟ ٔببث اٌشؼ١س. ِٓ ٔبع١ت أخسٜ، ِغ بؼغ طفبث اٌخسبٗ ٚاٌفعفٛ الأػٍٝ وبٔجِؼبِلاث ازحببؽ  وّب ٚصد أْ 

وبٔج ِؼبِلاث اازحببؽ اِخظبص اٌفٛظفٛز )ِضُ /اط١ض( ظبٌبت ِغ بؼغ اٌلاٛاص اٌى١ّ١بئ١ت ٌٍخسبت اٌّبٌغت فٝ ع١ٓ وتبْ 

ِضتُ/ اطت١ض( ٚظٙتس ذٌته ػٍتٝ طتٛزة ل١ّتت ألتً ٚحتأر١س  ٘را اٌّؼبًِ ِٛصب ِغ ٘رٖ اٌلاٛاص ٚاٌّغخٜٛ ِتٓ اٌبٛحبظت١َٛ )٪

 ِٕلافغ فٝ ٘رٖ اٌؼلالت.ِؼٕٜٛ 

 EC (0.19)  ،K+ (0.26)( ، 2.28ِزً ٘را ِؼبًِ لزحببؽ اٌّٛصب اٌؼؼ١ف ب١ٓ حسو١ص اٌىبس٠ج ٚالأض ا١ٌٙدزٚص١ٕٟ )

 ،Na+  (0.10)  ،Mg++  (0.28)  ،Ca++ (2.76 ٚ )-SO4 (2.32  ث١س أْ ٘را اٌّؼبًِ ظبٌب ِغ بؼتغ خظتبئض اٌخسبتت )

 اٌشؼ١س فٟ الأزاػٝ اٌّبٌغت حغج اٌدزاظت.ٚاٌّغخٜٛ ِٓ اٌىبس٠ج فٟ ٔببحبث 

، ٌٚٙترا  ++Caالأض ا١ٌٙتدزٚص١ٕٟ ٚ  ببظتخزٕبء اٌخسبت،ورٌه وبْ ٕ٘بن ػلالت ظٍب١ت ب١ٓ لِخظبص اٌىبس٠ج ِٚؼظُ خٛاص 

 SO4اٌّؼبًِ أوزس ظتبٌب١ت ِتغ 
- (r = -0.700)  ٗ١ٍ٠ت ،Na+ (r = -0.674)  ٚHCO3

- (r =-2.867 ٟأػتؼف ازحبتبؽ ظتٍب .)

 = r. فتٝ عت١ٓ وبٔتج ٘ترٖ اٌؼلالتت ِٛصبتت اٌؼلالتت ِتغ الأض ا١ٌٙتدزٚص١ٕٟ )EC (r= -0.65)  ٚCl- (r = -0.651)ِتغ  ٘تٛ

0.058 ٚ )Ca++ (r = 0.542) .ٌٟػؼ١فت ِٚخٛظطت ػٍٝ اٌخٛا 
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