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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

(CaS0,42H,0) which obtained from Agricultural Research Station, Sokha, Kafr EIShikh 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 (Sol, So02, So3, So4 and So4) varied in the physical and chemical
properties especially their EC (dSm™) 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. GO (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™. 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™) as ammonium nitrate 33%N and potassium Sulphur (48%k,0)

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™ (S4) and 5.40 dSm™ (S3)

e 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 soill 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™ in soil 1 and soil 5.

* The predominant soluble cations in the five soils were Na*, while the predominant soluble anion was
cL*

e 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):

o According the found BDW the cultivated soils take the order soil2>soil1>s0il3>s0il4>s0il5.This trend
means that, BDW was decreased with the increase in soil EC dSm™. The relationship between BDW
gpot™ and soil EC may be explained by this equation.

BDW =6.06 - 0.82 EC (r=0.92)

e Increasing in soil pH of the studied soils reduced BDW (gpot™). Where their reeducation was BDW=
38.8-4.65pH (r=0.71)

e As well as increasing in the soil content (meg.L™) of soluble Na* and CI resulted in decrease of BDW
(gpot™), where these two relations may be described using the following two equation:

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

BDW=5.91- 0.09 CI"* (meq. L™) (r=0.92) in the case of CI

These two equations and the two varied correlation coefficients show a similar decrease effected of both
Na" and CI" 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™ with zero gypsum and Sulphur (GO and S0) applications to 1.35 gpot™
in the same soil with the treatment of SO and G3 recorded increase percent of 17.391.

-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'l with the treatment of GO and SO to 2.11 gpot'1 recorded increase percent of §3.478

-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™ with GO and SO treatment to 2.52 gpot™ 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:

e 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.

e 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 >s0il4 >s0il5.This order is in
harmony with pH of the studied soils as well as with these soils content of organic matter.

e On the other hand, N uptake by barely plants in the five soils varied from 2.89 to 6.91mgpot™ with a
mean of 4.24 mgpot™, where the highest uptake was found in the plants planted in soil2 and the lowest
was found in the plants cultivated in soil 5.

e Nitrogen uptake by barley plants significantly increased as a result of added S increase where its
uptake varied from 2.89 mgpot™ in soil 5 to 6.04 mgpot™ in soil2 with mean of 4.24 mgpot™.
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e Individual application of gypsum led to a signification increase in both N concentration (%) and
uptake (mgpot™) 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™ with the treatment of SO and GO to 7.31
mgpot™ with the treatment of SO 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™) 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™) 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 ™, 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>s0il4>s0il2>s0il1>50il3.

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™ 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™ as the rates of sulfur increases from 0.0 to 0.2%.

In respect to the effect of gypsum treatments on P uptake (mgpot™), 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™ to 9.71 mgpot™ 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™ to 9.14 mgpot™ 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™, that increase with increasing the level of sulfur
added to the soil, the K% of barley plants increases. For instance, in Soill, 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 soill, 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 soill, 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™. The highest
sulfur uptake was observed with soil 2 (21.016 mgpot™), followed by soil 1 (16.083 mgpot™). The lowest
sulfur uptake was observed in soil 5 (9.229 mgpot™). 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™) 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™)
as the following order: soil 2 > soil 1 > soil 3 > soil 4 > soil 5.

In general, gypsum application increased Pb (ppm) and uptake mgpot™ 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
') 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™.

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

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

e 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.

e 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).

e 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™), while the lowest Cd
uptake was observed in soil 4 and soil 5 with treatment SO (0.0002 mgpot™).

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, GO 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™, CI', and HCO5". 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™) were negative.
Saline soil chemical properties have a well effect (positive or negative) in K content (% and mgpot™) 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 SO,~ (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 SO,~ (r = -0.700), followed by Na* (r = -0.674) and
HCOj3 (r = -0.685). The weakest negative correlation is with EC (r = -0.651) and CI" (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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Studies on the content of some available nutrients and plant growth in salt affected soils

ol Ll Calins Guaall g chuy €l By ) s il (aluaia) Alaia) o () giliil) s celld e 50l
S S ) e s gl aliate) aad Jef o daa ol ¢ Y Al 5 ) A U Qi e A ) Gl A
o L oA

st fll aliaia) () e J gaanll oy S 5 Guaall Alca) Y e il o ) il s @l e 3 e
e T sm sa y sias sill (alaaia) o e f cudaa 8 e Y 4 a5 ) Al 8 QU Jaas e (W1 55 e il gy
s e vt 5y S 7 Y Al CV e ae © 58 Y aal Y1 8 OIS et G 0 v A 5y ST )

e Ll s s ¥l g 53 e oaly 3l o Cadgins sl Galoaa) e (5 sina il 0 Ailn) b

Jare 330 ) e parsal [ ane V0 VA () Ganial [ ane 0 A G s il (alaaiia) ol 5 ¢ ) &l 8 (Bl Jaans

[ o 00 G Ao il Cline aen (o8 ) s sill alialial o gie 3l cale JS5 70 Y () 70 ey S L)
T X N T e Gl cy = 80k ) e paral [ aae V0 VY Ganal

3 ) il gl ((Garal /o) paalle) s il (aliaiel) o uall C¥axe il Bl Lad
ALY pal s g s CaDEal saly 31 Jane CaOA wa ) sl aliaia

EJ\%)@‘U“:‘"“‘/(’%‘C\-V\ é!uﬂ:\m‘/fayv"ijﬁﬂ‘uam‘.ﬁ‘ﬁj"\ Mﬂ\@&dﬁd\@.\u&
T A T e gl Jaze 23] S panal/ aae 1) £ ) Ganal

(K) popalisd) 5 5iaa -
oty s AT A A 5 e i) Guaad) g oy Sl i) aan e sl sl e (%) LA (5 sina oS
AL ae 305 )l o gl sall (el (880l ) (A 50 ale ISy oy Sl 5 urall @ sl alasiuV) o ) il
N S e T Y s el (e 7+ Al ol ) Al 8 el s e A0 il Ll daliad)
< yedal 582 pdiall LD Caaliaal) paliaia¥l (pe el 5o 5 ¢ Garaal / ane A o) () Gaieal) o gls sl 530
(o o Q31 S Y i Lais 0 o850 i) 3 (1.54%) psedisd) (e (%) 5 sma Aol o G ) 8 il

YARE))

S i gl all aloaial e ¥ 2 8 iS5 Ay aal) il 1530 CEAL (alaall oyl AT

Loisia (Laral [ ane (YAAY ca sl sall (aloaial 5 £ 4 5l CulS Ly cpapeal / ane 17, £0 «ilill aliaial
o Glamal) iy S (5 s 8L g 315 5l 5 e / e £ AT 5 il 1l sl o gl il sl
Zv e V'Y (sl sl (5 s 3133) aacill Gl 8 7K i sia 23 ¢ ) Al (3 e U aas e A

ST G ) EA ) s

e Aarw il ) e dll il 8 (%) eﬁ.uu}..ﬂ\ O sl ala gl o il ) calicaall Geaad) Jaxa BJLU'cA
e 06) EA (A Gaan Tv e 20 900 Y (e ) LS A sl sl A o gie o) e ) Al A (Bl s
A 13 Gl I galal) las¥) (b 13 aay 5 5 aal 1 £ 1530 psen 8 Lol olady) 138 Jan g1 un 70 0 A
ol LSD ¢+ 0 (ssia e v )Y dad el Cua ddyilias)

<) L‘)ﬂ\‘sﬁ cd\._\.d\dz\u‘;: ,M\ Al K Jabiatial L:.a.v‘ ala ) ca_.v‘)ﬂ\ ‘;\ aliadl C"_u‘).:g\ d.\&ABJLJ‘)CA
sl ant aal Y1 g5l e 8 Lol sty 138 Jan 5y €U e 70 Y Ay (sl / ana

39



Shimaa Hassan Abd EI-Warth El-Melege

U Jus (Ao Guaall il e 33l ) e el Ll & sanll sl Galiaiia) Jans gia (8 pral g ola] a5 Y
‘HJJ“}‘B“_}A..\.L“C}AZ' :%éh'a\d.\m.\k_ua,).\a\/a;‘ai\_\°‘9§)=\aaﬂ\¢1,\ﬂ@wu}d\uaw‘\£mﬁac \ L)ﬂ\
ol

Lasgia ala) ¢ £ Al Y A i) Jhe A il gl sl G 8 Al Al ) )l ases b i e oladYl 1aa
YAl e e i) e oAl g5l 8 et ¢ Guadl Alial iV axe 3L ) ae el il 4 gl il (alaial
bl Gaaal) 30k ) ae el LA 6 g1l sall Galialie) Jaws e i) ¢ 0 4 il

:(S) cusll (o giaa -t
O an gl i G (%) Sl e il (6 s Ao Al jall ol ) e a5 Ll 7S and of gl o gl
((Y%r EAY 5o EA) £ oY &l Ll (¢ EAY) © ) /S A el Sy Te EAY ) g

pabaia) Aol B sl Garial /ane )0V T ) Ganal / aae .YV e dl pall al i b ey 5S) aliaia)
o8 S S ol B s gl (Gl / e VT AT) ) A Ll c(Gapal / e Y0V T) Y Ay
(0,Y L) as bl dadiia al Y1 (8 Sl aliaial Jef OS5 (Uasal / ane 2.YY9) 0 45l

(8,0 A ) An lall daii ya oual HY) ge S <y 58I aliaiie) Ji AN ailall e

o ol Ala) aae v Sl Gl (35Sl 6 gina 3l ) ol (eml Y () Glaall Gaall S 50y )
G sina (b el () T oA 57 v f el Al vie Lal e 26 el il 8 o 5l (6 ine (LS ey )
sl e T 88 57 6 a5 el g b )

Alaf are die | i) il b oy Sl paliaia) 850l ) ) ol Ciliaall el £0aS 300 5 o liall @ ekl
G v v 8 A8zl e b pay paral fane VA e Bl UL A 5 Galiaall Sl OIS A S ) Q)
Vove (Al sl pabiaial ol j edlld e 3 58le apal/ ane VYT oy 5l paliatial o il () Gaand)
el pmalle A dila) die (anal / ans

g Sl Al Jama 33§ ae Al al) a5l &) il e (8 g oS s e (6 gima il Al (S oy 50 A8l
T a0 (s simall S5 ol Y1 £ 30 qan (8 Sl (5 gima 3 ALGR L) M sal e 7Y () ve
A A e el Sl (s sine pl e Y 5 € 50 uml Y1 Celal Cus il Y1 g 5 AL S e Tsina
YD

O Lo Jianiall il (8 < glis aa g S (e el LS (5 pina e (5 pime il g Sl ALY oIS
palaia) el Jan 1285 oy Sl aliaie) (o (5 5ine il Led OLS (5 4 il s sl & gl e il (sl
Lyl € ol )Y jelal cpm (Gl / ane YV AY e iy € 0+ 24dl) Jane el ie ¥ Y1 b ey sl
sl Jane 334 ) ae S Galiaial (A 4 gina 33 )

:(Pb) pala ) s sias -0

OF Ayl ¥ A ) Qe ddlall A glall o3 A il 8 e el el Ao g dvaliaiia) 5 (alia )l 38 55 oS
o lia (1 g 0 Ay il 5 £ A il Qe cdcaiaiall da glall A 55 el 8 Al sl (5 sinay A s
Al (8 apail) Ll (g (b Sl (0 (5 simall (el (15 o8l A sl e (g giat A 6 Al Jie el LiTiy)
<¥ A U gl e clslally alia 58 5 ks Gl ,all cons agalall il Y1 Gasi 5 Sy 0 2l s €
<Y Al ) ol 3l Y1 el alaa i1 e aieall e Teliy ) &y il <Y 4 i) <€ 4 il <o 4y 1)
L0 Ay sl < £ Ayl <Y A il <) Ayl

40



Studies on the content of some available nutrients and plant growth in salt affected soils

U.AJ_AA‘ /e\‘)a.\ﬂ.a uAL.A:\.A‘Y\_, (U)—..‘L“S\ ‘5.3 c)A) UAL-AAJM ual_..aiAJ EJL%) Af";‘ u.n.léj‘ e‘.\A:u.u‘\ L;Ji 6?1..: JS_.Iu
HAelaie (alia )l e s sinall (e (idds) Cua ¢ 0 4 il 5 ¢ 3 il liiuly ¢l V) 15l alana 8 Al clilally
(GO)uall Adlia) axe die (5 ginall A jia uall Adla) Jaza

:(Cd) asmasl) (g gina -1

el 8 a5l Sl el 3 53 e Aallall dul all cant Al Y1 el LS (5 sine o sie &L
aMuaJy‘tj_vu\‘fuu\JA (.\LS/(.\LA 'DSN‘CJA‘\GM‘U‘&‘USSJ‘?AS/P“ v Lg‘gimk.u}lqufq‘;c\
Al dalle 4y 5 e o) dal) el Ul paliatal of | el Gl o geal €U 8155 e dalide o il Ll
oanal fana v v a0 v e n Y ez gl i A Auaidiag

O iy L ol SV &) 5l mpan (8 oy 5S1) cdla) 304 ) ae eacill LG p 5e0\S)) (5 sine Lo e 3
o Aaalil) Ll 813 g e 5203 (e (5 gime Jlef dan ol o gaadl€I il alsiial 53l 5 ) ool ca 580y
Alalaa) e Y il 8 asalill sl (8 S Cd s sine Bl dan o) Lot ¢(paS / ane + Y 4TA) S3ikladlly © 4 5l
S0 S jha Jaay (paS/aae + MVY) Jaea S
Alia of iy 13 (v0 0 V5P a sl e 4 s <l L Sy Sl Sla o Ailian ) il @ ekl -
sl e a5l a0 lalaall s il

La gb V) o) ol asen o8 oy Sl Ol 33 ) pe 31 sl S e i) (aliaial Jas sia of bl < yedal -
o saal Ul aliatial J8 Laa o1 Lais ¢ (Uaral / a0 0.0007 S3 ) dlebaall aa ¥ 4 il i & saedlSH Galiaial e
(uanal / 222 0.0002 S+) paiaall pa 0 4y 5ill 5 £ 4y 53l 4

6 simse die il Gl 6 geal SN aliaia) e (5 gine 53l Led Guaadl i) o s ) Jolail) yelal -
Aa g G AANER sl COlee b a5l Galiaial Jaus gl G &y sine DS @llin G ey 138 00 Ay sine
.G1¢G2 «GO « G1 5 GO o S adua)

4l Auias) (al ) g cilidial) Cp cABNal) -a

-

HCO;3 «EC «(iun s mell oY) Jie A il (ailad 5 Cpa g siaill (abiaiia) (il ol ) Jalaa dllia o aa
K" ¢« Na* «Mg™ « Ca™ «Cl «

oAl Aali e el il 8 Galiaal ) gl 4 il Cliia (any ae cilS oY) Bl ) Ellales o aa s LS
S O (8 Aallall 4 il Ala Sl ol il (axy ae Al (Gapal/ ana) ) s sill Galiaial Sl HY1 Cilalrs ailS
Dl J8 dads ) pem e b Hela s (Uaral fane 1) sl sll (e 5 sinall 5 Gl sal) 038 e o g0 Jalaal) 138
Al pda 8 (a8dia (5 s

K*(0.26) <EC (0.19) « (+.*7) i smel) (a¥15 o Sl 58 5y Capmaall sl Il ) Jalina 138 Jie
Ll pailiad sy e Gl Jaleall 138 o 5 (1) +) SO, 5(+.0%) Ca™ «Mg™ (0.28) «Na* (0.10) «
Al ) Con ALl V) paeil) L Ay Sl (e s sinall

ey« Ca™ 5 run somed) (e ety edy il Gl 58 alana gy 5 SU Galiaial (o Al A83le lia IS X
b Bl ) Gl (4 TAC- =r) HCO3 5 Na* (r = -0.674) 4k ¢ SO, ™ (r = -0.700) & dadlws ST Jaladll
=) s st a3 go A8al) Lo 5o 483Mall 02 S s 8 CI (1 = -0.651) 5 EC (1= -0.65) ee s&
(sl e das gia g dima Ca™ (r = 0.542) 5(0.058

41



Shimaa Hassan Abd EI-Warth El-Melege

42



